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(57) ABSTRACT 

The present invention relates to a layered catalyst composite 
useful for reducing contaminants in exhaust gas Streams, 
especially gaseous Streams containing Sulfur oxide contami 
nants. More specifically, the present invention is concerned 
with improved catalysts of the type generally referred to as 
“three-way conversion' catalysts. The layered catalysts trap 
Sulfur oxide contaminants, which tend to poison three-way 
conversion catalysts used to abate other pollutants in the 
Stream. The layered catalyst composites of the present 
invention have a sulfur oxide absorbing layer before or 
above a nitrogen oxide absorbing layer, and/or normal 
three-way catalytic layers. The layered catalyst composite 
comprises a first layer and a Second layer. The first layer 
comprises a first Support and at least one first platinum 
component. The Second layer comprises a Second Support 
and a SO Sorbent component after forming its reaction 
product with SOX having a free energy of formation from 
about 0 to about -90 Kcal/mole at 350° C. The Sulfur oxide 
absorbing layer selectively and reversibly absorbs sulfur 
oxides over nitrogen oxides and prevents or alleviates Sulfur 
oxide poisoning of the nitrogen oxide trap. 
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LAYERED SOX TOLERANT NOX TRAP 
CATALYSTS AND METHODS OF MAKING AND 

USING THE SAME 

0001. This application is a continuation-in-part applica 
tion of patent application Ser. No. 10/766,374, filed Jan. 28, 
2004. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a layered catalyst 
composite useful for reducing contaminants in exhaust gas 
Streams, especially gaseous Streams containing Sulfur oxide 
contaminants. More specifically, the present invention is 
concerned with improved catalysts of the type generally 
referred to as “three-way conversion” catalysts. The layered 
catalysts trap Sulfur oxide contaminants, which tend to 
poison three-way conversion catalysts used to abate other 
pollutants in the Stream. The layered catalyst composites of 
the present invention have a Sulfur oxide absorbing layer 
before or above a nitrogen oxide absorbing layer. The Sulfur 
oxide absorbing layer selectively and reversibly absorbs 
Sulfur oxides over nitrogen oxides and alleviates Sulfur 
oxide poisoning of the nitrogen oxide trap. 

0004 2. Related Art 
0005) Three-way conversion catalysts (“TWC) have 

utility in a number of fields including the abatement of 
nitrogen oxides (“NO”), carbon monoxide (“CO”), and 
hydrocarbon (“HC) pollutants from internal combustion 
engines, Such as automobile and other gasoline-fueled 
engines. Three-way conversion catalysts are polyfunctional 
because they have the ability to Substantially simultaneously 
catalyze the oxidation of hydrocarbons and carbon monox 
ide and the reduction of nitrogen oxides. Emissions Stan 
dards for nitrogen oxides, carbon monoxide, and unburned 
hydrocarbon contaminants have been Set by various gov 
ernment agencies and must be met by new automobiles. In 
order to meet Such Standards, catalytic converters containing 
a TWC catalyst are located in the exhaust gas line of internal 
combustion engines. The catalysts promote the oxidation by 
oxygen in the exhaust gas of the unburned hydrocarbons and 
carbon monoxide and the reduction of nitrogen oxides to 
nitrogen. For example, it is known to treat the exhaust of 
engines with a catalyst/NO Sorbent which stores NO 
during periods of lean (oxygen-rich) operation, and releases 
the stored NO, during the rich (relatively fuel-rich) periods 
of operation. During periods of rich operation, the catalyst 
component of the catalyst/NO Sorbent promotes the reduc 
tion of NO to nitrogen by reaction of NO (including NO 
released from the NO, sorbent) with HC, CO, and/or hydro 
gen present in the exhaust. 
0.006) TWC catalysts exhibiting good activity and long 

life comprise one or more platinum group metals, e.g., 
platinum, palladium, rhodium, ruthenium, and iridium. 
These catalysts are employed with a high Surface area, 
refractory oxide Support Such as a high Surface area alumina 
coating. The Support is carried on a Suitable carrier or 
Substrate Such as a monolithic carrier comprising a refrac 
tory ceramic or metal honeycomb Structure, or refractory 
particles Such as Spheres or Short, extruded Segments of a 
Suitable refractory material. The Supported catalyst is gen 
erally used with a NO Storage (Sorbent) component includ 
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ing alkaline earth metal oxides, Such as oxides of Ca,Sr and 
Ba, alkali metal oxides Such as oxides of K, Na, Li and CS, 
and rare earth metal oxides Such as oxides of Ce, La, Pr and 
Nd, see U.S. Pat. No. 5,473,887. 
0007 Sulfur oxide (“SO”) contaminants present in an 
exhaust gaseous Stream tend to poison and thereby inactivate 
TWC catalysts. SO is a particular problem because it is 
generated by the oxidation of Sulfur compound impurities 
often found in gasoline and diesel fuel. TWC catalysts 
employing NO storage components tend to Suffer from loss 
of long-term activity because of SO poisoning of the NO 
traps. NO trap components also trap SO and form very 
Stable Sulfates, which require extreme conditions and a high 
fuel penalty to regenerate the trapping capacity of the NO 
Storage component. A guard or filter (e.g., alumina) may be 
placed before the TWC catalyst to protect the catalyst from 
SO, but these guards or filters often become saturated with 
SO. Without valves, these guards require artificial engine 
cycles to desorb SO by creating extended rich A/F period at 
elevated temperature. However, the SO, released under 
these conditions normally caused high H2S emission with 
unpleasant odor and to Some extent poison the downstream 
NO absorber. 
0008 High surface refractory metal oxides are often 
employed as a Support for many of the catalytic components. 
For example, high Surface area alumina materials, also 
referred to as “gamma alumina” or “activated alumina” 
typically exhibit a BET (Brunauer, Emmett, and Teller) 
Surface area in excess of 60 Square meters per gram (“m/ 
g”), and often up to about 200 ml/g or more. Such activated 
alumina is usually a mixture of the gamma and delta phases 
of alumina, but may also contain Substantial amounts of eta, 
kappa and theta alumina phases. Refractory metal oxides 
other than activated alumina may be utilized as a Support for 
at least Some of the catalytic components in a given catalyst. 
For example, bulk ceria, Zirconia, alpha alumina and other 
materials are known for Such use. Although many of these 
materials have a lower BET Surface area than activated 
alumina, that disadvantage tends to be offset by the greater 
durability of the resulting catalyst. 
0009 Exhaust gas temperatures can reach 1000 C. in a 
moving vehicle and Such elevated temperatures can cause 
activated alumina, or other Support material, to undergo 
thermal degradation with accompanying Volume Shrinkage 
especially in the presence of Steam. During this degradation, 
the catalytic metal becomes occluded in the shrunken Sup 
port medium with a loSS of exposed catalyst Surface area and 
a corresponding decrease in catalytic activity. U.S. Pat. No. 
4,171,288 discloses a method to Stabilize alumina Supports 
against Such thermal degradation by the use of materials 
Such as Zirconia, titania, alkaline earth metal oxides Such as 
baria, calcia, or Strontia, or rare earth metal oxides Such as 
ceria, lanthana, and mixtures of two or more rare earth metal 
oxides. 

0010 U.S. Pat. Nos. 4,714,694, 4.727,052, and 4,708,946 
disclose the use of bulk cerium oxide (ceria) to provide a 
refractory oxide Support for platinum group metals other 
than rhodium. Highly dispersed, Small crystallites of plati 
num on the ceria particles may be formed and Stabilized by 
impregnation with a Solution of an aluminum compound 
followed by calcination. 
0011 U.S. Pat. No. 3,993,572 discloses catalysts for 
promoting Selective oxidation and reduction reactions. The 
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catalyst contains platinum group metal, rare earth metal 
(ceria) and alumina components, which may be Supported 
on a relatively inert carrier Such as a honeycomb. 

0012 U.S. Pat. No. 4,714,694 discloses a method of 
making a material which includes impregnating bulk ceria or 
a bulk ceria precursor with an aluminum compound and 
calcining the impregnated ceria to provide an aluminum 
Stabilized ceria. 

0013 U.S. Pat. No. 4,808,564 discloses a catalyst for the 
purification of exhaust gases having improved durability 
which comprises a Support Substrate, a catalyst carrier layer 
formed on the Support Substrate and catalyst ingredients 
carried on the catalyst carrier layer. The catalyst carrier layer 
comprises oxides of lanthanum and cerium in which the 
molar fraction of lanthanum atoms to total rare earth atoms 
is 0.05 to 0.20 and the ratio of the number of the total rare 
earth atoms to the number of aluminum atoms is 0.05 to 
O.25. 

0014 U.S. Pat. No. 4,367,162 discloses a three-way 
catalyst System which comprises a carrier having a Substruc 
ture of refractory material in the form of a honeycomb 
Structure and a porous layer of a powder formed on the 
Surface thereof Selected from the group consisting of a 
powder of Zirconium oxide and a mixed powder of Zirco 
nium oxide powder with at least powder Selected from the 
group consisting of alumina, alumina-magnesia Spinel and 
cerium oxide, and a catalyst ingredient Supported thereon 
consisting of cerium oxide and a metal selected from the 
group consisting of platinum, palladium, and mixtures 
thereof. 

0015 U.S. Pat. No. 4,438,219 discloses an alumina cata 
lyst, Stable at high temperatures, for use on a Substrate. The 
Stabilizing material is derived from barium, Silicon, rare 
earth metals, alkali and alkaline earth metals, boron, tho 
rium, hafnium, and Zirconium. Barium oxide, Silicon diox 
ide, and rare earth oxides including lanthanum, cerium, 
praseodymium, and neodymium are preferred. Contacting 
the Stabilizing material with a calcined alumina film permits 
the calcined alumina film to retain a high Surface area at 
higher temperatures. 

0016 U.S. Pat. Nos. 4,476,246, 4,591,578 and 4,591,580 
disclose three-way catalyst compositions comprising alu 
mina, ceria, an alkali metal oxide promoter, and Noble 
metals. U.S. Pat. Nos. 3,993,572 and 4,157.316 describe 
attempts to improve the catalyst efficiency of Pt/Rh based 
TWC systems by incorporating a variety of metal oxides, 
e.g., rare earth metal oxides Such as ceria and base metal 
oxides such as nickel oxides. U.S. Pat. No. 4,591,580 
discloses an alumina Supported platinum group metal cata 
lyst modified to include Support Stabilization by lanthana or 
lanthana rich rare earth oxides, double promotion by ceria 
and alkali metal oxides and optionally nickel oxide. 
0017 U.S. Pat. No. 4,624,940 discloses palladium con 
taining catalyst compositions useful for high temperature 
applications. The combination of lanthanum and barium is 
found to provide a Superior hydrothermal stabilization of 
alumina, which Supports the catalytic component, palla 
dium. Thus, the palladium metal expulsion from the alumina 
due to phase transformation to encounter drastic Sintering 
upon high temperature exposure is avoided. The use of 
particulate bulk metal oxide enhances catalytic activities. 
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The bulk metal oxide consists of primarily ceria containing 
and/or ceria-Zirconia containing particles. These particulate 
bulk metal oxides do not readily react with the stabilized 
alumina particles, thus, provide the catalytically promoting 
effect. 

0018 U.S. Pat. No. 4,780,447 discloses a catalyst capable 
of controlling HC, CO and NO as well as HS in emissions 
from the tailpipe of catalytic converter equipped automo 
biles. The use of nickel oxides and/or iron oxides is known 
as a H2S gettering of compound. 
0019 U.S. Pat. No. 4,294,726 discloses a TWC catalyst 
composition containing platinum and rhodium obtained by 
impregnating a gamma alumina carrier material with an 
aqueous Solution of cerium, Zirconium and iron Salts or 
mixing the alumina with oxides of, respectively, cerium, 
Zirconium and iron, and then cacining the material at 500 
C. to 700° C. in air after which the material is impregnated 
with an aqueous Solution of a Salt of platinum and a Salt of 
rhodium dried and Subsequently treated in a hydrogen 
containing gas at a temperature of 250 C.-650 C. The 
alumina may be thermally Stabilized with calcium, Stron 
tium, magnesium or barium compounds. The ceria-Zirconia 
iron oxide treatment is followed by impregnating the treated 
carrier material with aqueous Salts of platinum and rhodium 
and then calcining the impregnated material. 
0020 U.S. Pat. No. 4,965,243 discloses a method to 
improve the thermal stability of a TWC catalyst containing 
precious metals by incorporating a barium compound and a 
Zirconium compound together with ceria and alumina to 
form a catalytic moiety to enhance Stability of the alumina 
washcoat upon exposure to high temperature. 
0021 J01210032 and AU-615721 disclose a catalytic 
composition comprising palladium, rhodium, active alu 
mina, a cerium compound, a strontium compound and a 
Zirconium compound. These patents Suggests the utility of 
alkaline earth metals in combination with ceria, Zirconia to 
form a thermally stable alumina Supported palladium con 
taining washcoat. 
0022 U.S. Pat. No. 4,504,598 discloses a process for 
producing a high temperature resistant TWC catalyst. The 
process includes forming an aqueous slurry of particles of 
gamma or activated alumina and impregnating the alumina 
with Soluble Salts of Selected metals including cerium, 
Zirconium, at least one of iron and nickel and at least one of 
platinum, palladium and rhodium and, optionally, at least 
one of neodymium, lanthanum, and praseodymium. The 
impregnated alumina is calcined at 600 C. and then dis 
persed in water to prepare a slurry, which is coated on a 
honeycomb carrier and dried to obtain a finished catalyst. 

0023 U.S. Pat. Nos. 3,787,560, 3,676,370, 3,552,913, 
3,545,917, 3,524,721 and 3,899,444 disclose the use of 
neodymium oxide for use in reducing nitric oxide in exhaust 
gases of internal combustion engines. U.S. Pat. No. 3,899, 
444 in particular discloses that rare earth metals of the 
lanthanide Series are useful with alumina to form an acti 
Vated Stabilized catalyst Support when calcined at elevated 
temperatures. Such rare earth metals are disclosed to include 
lanthanum, ceria, cerium, praseodymium, neodymium and 
others. 

0024 U.S. Pat. No. 5,792,436 discloses a method for 
removing nitrogen oxides, Sulfur oxides, and phosphorus 



US 2005/0164879 A1 

oxides from a lean gaseous Stream. The method comprises 
(a) passing the gaseous stream through a catalyzed trap 
comprising a regenerable Sorbent material and an oxidation 
catalyst and Sorbing the Sorbable components into the Sor 
bent material, (b) introducing a combustible component into 
the gaseous Stream upstream of the catalyzed trap member 
and combusting the combustible component in the presence 
of the oxidation catalyst to thermally desorb the Sorbable 
component from the Sorbent material, and (c) passing the 
Sorbable component-depleted Stream to a catalytic treatment 
Zone for the abatement of the pollutants and by-passing the 
Sorbable component-enriched Stream around the catalytic 
treatment ZOne. 

0.025 TWC catalyst systems comprising a carrier and two 
or more layers of refractory oxide are disclosed. Japanese 
Patent Publication No. 145381/1975 discloses a catalyst 
Supported Structure for purifying exhaust gases comprising 
a thermally insulating ceramic carrier and at least two layers 
of catalyst containing alumina or Zirconia, the catalysts 
containing alumina or Zirconia layers being different from 
each other. 

0026 Japanese Patent Publication No. 105240/1982 dis 
closes a catalyst for purifying exhaust gases containing at 
least two carrier layers of a refractory metal oxide, each 
containing a different platinum-group metal. A layer of a 
refractory metal oxide free from the platinum-group metal is 
positioned between the carrier layers and/or on the outside 
of these carrier layers. 
0027 Japanese Patent Publication No. 52530/1984 dis 
closes a catalyst having a first porous carrier layer composed 
of an inorganic Substrate and a heat-resistant Noble metal 
type catalyst deposited on the Surface of the Substrate and a 
Second heat-resistant non-porous granular carrier layer hav 
ing deposited thereon a Noble metal-type catalyst. The 
Second carrier layer is formed on the Surface of the first 
carrier layer and has resistance to the catalyst poison. 

0028 Japanese Patent Publication No. 127649/1984 dis 
closes a catalyst for purifying exhaust gases comprising an 
inorganic carrier Substrate Such as cordierite, an alumina 
layer formed on the Surface of the Substrate and having 
deposited thereon a rare earth metal, Such as lanthanum and 
cerium, and platinum or palladium, and a Second layer 
formed on the first alumina-based layer and having depos 
ited thereon a base metal Such as iron or nickel and a rare 
earth metal Such as lanthanum or rhodium. 

0029 Japanese Patent Publication No. 19036/1985 dis 
closes a catalyst for purifying exhaust gases having an 
enhanced ability to remove carbon monoxide at low tem 
peratures. The catalyst comprises a Substrate composed of 
cordierite and two layers of active alumina laminated to the 
Surface of the Substrate. The lower alumina layer contains 
platinum or Vanadium deposited thereon, and the upper 
alumina layer contains rhodium and platinum, or rhodium 
and palladium, deposited thereon. 

0030 Japanese Patent Publication No. 31828/1985 dis 
closes a catalyst for purifying exhaust gases comprising a 
honeycomb carrier and a Noble metal having a catalytic 
action for purifying exhaust gases. The carrier is covered 
with an inside and an outside alumina layer, the inside layer 
having more Noble metal adsorbed thereon than the outside 
layer. 
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0031 Japanese Patent Publication No. 232253/1985 dis 
closes a monolithic catalyst for purifying exhaust gases in 
the shape of a pillar and comprising a number of cells 
disposed from an exhaust gas inlet Side toward an exhaust 
gas outlet Side. An alumina layer is formed on the inner wall 
Surface of each of the cells and catalyst ingredients are 
deposited on the alumina layer. The alumina layer consists 
of a first alumina layer on the inside and a Second alumina 
layer on the Surface Side, the first alumina layer having 
palladium and neodymium, and the Second alumina layer 
having platinum and rhodium. 
0032) Japanese Kokai 71538/87 discloses a catalyst layer 
Supported on a catalyst carrier and containing one catalyst 
component Selected from the group consisting of platinum, 
palladium and rhodium. An alumina coat layer is provided 
on the catalyst layer. The coat layer contains one oxide 
Selected from the group consisting of cerium oxide, nickel 
oxide, molybdenum oxide, iron oxide and at least one oxide 
of lanthanum and neodymium (1-10% by wt.). 
0033 U.S. Pat. Nos. 3,956,188 and 4,021,185 disclose a 
catalyst composition having (a) a catalytically active, cal 
cined composite of alumina, a rare earth metal oxide and a 
metal oxide Selected from the group consisting of an oxide 
of chromium, tungsten, a group IVB metal and mixtures 
thereof and (b) a catalytically effective amount of a platinum 
group metal added thereto after calcination of the composite. 
The rare earth metals include cerium, lanthanum and neody 
mium. 

0034 U.S. Pat. No. 4,806,519, discloses a two layer 
catalyst Structure having alumina, ceria and platinum on the 
inner layer and aluminum, Zirconium and rhodium on the 
outer layer. 
0035) JP-88-240947 discloses a catalyst composite which 
includes an alumina layer containing ceria, ceria-doped 
alumina and at least one component Selected from the group 
of platinum, palladium and rhodium. A Second layer con 
tains lanthanum-doped alumina, praseodymium-Stabilized 
Zirconium, and lanthanum oxide and at least one component 
Selected from the group of palladium and rhodium. The two 
layers are placed on a catalyst carrier Separately to form a 
catalyst for exhaust gas purification. 
0036) Japanese Patent J-63-205141-A discloses a layered 
automotive catalyst in which the bottom layer comprises 
platinum or platinum and rhodium dispersed on an alumina 
Support containing rare earth oxides, and a top coat, which 
comprises palladium and rhodium dispersed on a Support 
comprising alumina, Zirconia and rare earth oxides. 
0037 Japanese Patent J-63-077544-A discloses a layered 
automotive catalyst having a first layer comprising palla 
dium dispersed on a Support comprising alumina, lanthana 
and other rare earth oxides and a Second coat comprising 
rhodium dispersed on a Support comprising alumina, Zirco 
nia, lanthana and rare earth-oxides. 
0038 Japanese Patent J-63-007895-A discloses an 
exhaust gas catalyst comprising two catalytic components. 
One component comprises platinum dispersed on a refrac 
tory inorganic oxide Support and a Second component com 
prises palladium and rhodium dispersed on a refractory 
inorganic oxide Support. 
0039 U.S. Pat. No. 4,587,231 discloses a method of 
producing a monolithic three-way catalyst for the purifica 
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tion of exhaust gases. A mixed oxide coating is applied to a 
monolithic carrier by treating the carrier with a coating Slip 
in which an active alumina powder containing cerium oxide 
is dispersed together with a ceria powder and thenbaking the 
treated carrier. Platinum, rhodium and/or palladium are then 
deposited on the oxide coating by a thermal decomposition. 
Optionally, a Zirconia powder may be added to the coating 
slip. 

0040 U.S. Pat. No. 4,134,860 relates to catalyst compo 
Sitions that can contain platinum group metals, base metals, 
rare earth metals and refractory Supports. The composition 
can be deposited on a relatively inert carrier Such as a 
honeycomb. U.S. Pat. No. 4,923,842 discloses a catalytic 
composition for treating exhaust gases comprising a first 
Support having dispersed thereon at least one oxygen Storage 
component and at least one Noble metal component, and 
having dispersed immediately thereon an overlayer com 
prising lanthanum oxide and optionally a Second Support. 
The layer of catalyst is separate from the lanthanum oxide. 
The Nobel metal can include platinum, palladium, rhodium, 
ruthenium and iridium. The oxygen Storage component can 
include the oxide of a metal from the group consisting of 
iron, nickel, cobalt and the rare earths. Illustrative of these 
are cerium, lanthanum, neodymium, praseodymium, etc. 

0041 U.S. Pat. No. 5,057,483 discloses a catalyst com 
position disposed in two discrete coats on a carrier. The first 
coat includes a Stabilized alumina Support on which a first 
platinum catalytic component and bulk ceria is dispersed, a 
bulk iron oxide, a metal oxide Such as bulk nickel oxide 
(which is effective for the Suppression of hydrogen sulfide 
emissions), and one or both of baria and Zirconia dispersed 
throughout the first coat as a thermal Stabilizer. The Second 
coat, which may comprise a top coat overlying the first coat, 
contains a co-formed (e.g., co-precipitated) rare earth oxide 
Zirconia Support on which a first rhodium catalytic compo 
nent is dispersed, and a Second activated alumina Support 
having a Second platinum catalytic component dispersed 
thereon. The Second coat may also include a Second rhodium 
catalytic component, and optionally, a third platinum cata 
lytic component, dispersed as an activated alumina Support. 

0042 U.S. Pat. No. 5,472,673 discloses an exhaust gas 
purification device for an engine. The device comprises an 
engine, an exhaust passage, an NO absorbent, and a Sulfur 
trapping means. The exhaust passage extends from an 
upstream end, which receives exhaust gas from the engine to 
a downstream end from which exhaust gas is released. The 
NO absorbent is arranged in the exhaust passage wherein 
the NO absorbent absorbs NO contained in the exhaust gas 
when a concatenation of oxygen in the exhaust gas flowing 
into the NO absorbent is above a predetermined oxygen 
concentration. The NO, absorbent releases the absorbed 
NO, when the concentration of oxygen in the exhaust gas 
flowing into the NO absorbent is lower than the predeter 
mined oxygen concentration. The Sulfur trapping means is 
arranged in the exhaust passage upstream of the NO 
absorbent for trapping SO contained in the exhaust gas 
wherein the trapped SO is not released from the sulfur 
trapping means when the concentration of oxygen in the 
exhaust gas flowing into the Sulfur trapping means is lower 
than the predetermined oxygen concentration So that SO is 
prevented from reaching and being absorbed into the NO 
absorbent. 
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0043 U.S. Pat. No. 5,687.565 discloses a method for 
reducing the concentration of carbon monoxide, organic 
compounds and Sulfur oxides in an exhaust gas from an 
internal combustion engine. The method comprises (a) con 
tacting the exhaust gas with a Sulfur oxide absorbent in a first 
contacting Zone and absorbing with the Sulfur oxide absor 
bent at least a portion of the Sulfur oxides in the exhaust gas 
wherein the sulfur oxide absorption is substantially irrevers 
ible at temperatures which are less than or equal to that of 
the exhaust gas; (b) contacting the effluent gas from the first 
contacting Zone with a catalyst in a Second contacting Zone 
and catalyzing the conversion of at least a portion of the 
carbon monoxide and organic compounds in the effluent gas 
from the first contacting Zone to innocuous products; and (c) 
transferring heat from the exhaust gas to the Second con 
tacting Zone by indirect heat eXchange. 

0044) U.S. Pat. No. 5,687.565 discloses a system for 
exhaust gas purification disposed in an exhaust pipe of an 
internal combustion engine. The System comprises a catalyst 
composition giving an excellent light-off performance at low 
temperatures, which comprises a precious metal and a 
Substance having at least one of an electron donatability and 
a nitrogen dioxide absorbability and releasability, and 
optionally an adsorbent having hydrocarbon adsorbability. 

0045 WO92/09848 discloses a combustion catalyst com 
prising palladium and optionally a Group 1B or VIII noble 
metal which may be placed on a Support comprising Zirco 
nium. The combustion catalyst may be graded to have a 
higher activity portion at the leading edge of the catalyst 
Structure. The invention includes a partial combustion pro 
ceSS in which the fuel is partially combusted using that 
catalyst. The catalyst Structure is stable in operation, has a 
comparatively low operating temperature, has a low “light 
off temperature, and is not Susceptible to temperature 
"runaway. The combustion gas produced by the catalytic 
process may be at a temperature below the autocombustive 
temperature, may be used at that temperature, or fed to other 
combustive Stages for further use in a gas turbine, furnace, 
or boiler. 

0046) The conventional catalysts described above 
employing NO Storage components have the disadvantage 
under practical applications of Suffering from long-term 
activity loss-because of SO poisoning of the NO, traps. The 
NO trap components employed in the catalysts tend to trap 
SO and form very stable Sulfates, which require extreme 
conditions and extract a high fuel penalty to regenerate the 
trapping capacity of the NO. Storage component. Accord 
ingly, it is a continuing goal to develop a three-way catalyst 
System, which can reversibly trap, SO present in the gas 
eous Stream and thereby prevent SO Sulfur oxide poisoning 
of the NO, trap. 

SUMMARY OF THE INVENTION 

0047 The present invention relates to a thermally stable, 
layered catalyst composite of the type generally referred to 
as a three-way conversion catalyst (TWC). TWC catalysts 
are polyfunctional because they have the ability to Substan 
tially simultaneously catalyze the oxidation of hydrocarbons 
and carbon monoxide and the reduction of nitrogen oxides. 
The layered catalyst composites of the present invention 
have a sulfur oxide absorbing layer before or above a 
nitrogen oxide absorbing layer. The Sulfur oxide absorbing 
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layer selectively and reversibly absorbs sulfur oxides over 
nitrogen oxides and thereby alleviates Sulfur oxide poison 
ing of the three-way conversion catalyst. Because SO 
poisoning of the three-way conversion catalysts is mini 
mized, the layered catalyst composites are able to maintain 
long term activity and effectively oxidize hydrocarbons and 
carbon monoxide and reduce nitrogen oxide compounds. 
0.048. In a first embodiment, the structure of the layered 
catalyst composite of the present invention is designed in a 
radial arrangement wherein there is a first layer having a first 
layer composition and a Second layer having a Second layer 
composition. The first layer is also referred to as the bottom 
or inner layer and the Second layer is referred to as the top 
or outer layer. Exhaust gaseous emissions comprising hydro 
carbons, carbon monoxide, nitrogen oxides, and Sulfur 
oxides initially encounter the Second or top layer, and 
thereafter encounter the first or bottom layer. The top layer 
comprises a Support and a SO Sorbent component having a 
free energy of formation from about after forming its reac 
tion product with SO, 0 to about -90 Kcal/mole at 350° C. 
The bottom layer comprises a Support and a platinum 
component to catalyze the oxidation of hydrocarbons and 
carbon monoxide and the reduction of nitrogen oxides. The 
bottom layer may optionally include a NO Sorbent compo 
nent Selected from the group consisting of alkaline earth 
metal components, alkali metal components, and rare earth 
metal components. Upon passing through the top layer, the 
exhaust gas becomes depleted in SO and then contacts the 
bottom layer. In the bottom layer, the three-way conversion 
catalyst/NO Sorbent Stores NO during lean periods and 
releases and reduces stored NO during rich periods. 
0049. In use, the exhaust gas stream, which is contacted 
with the layered catalyst composite of the present invention, 
is alternately adjusted between lean and Stoichiometric/rich 
operating conditions So as to provide alternating lean oper 
ating periods and Stoichiometric/rich operating periods. The 
exhaust gas Stream being treated may be Selectively ren 
dered lean or Stoichiometric/rich either by adjusting the 
air-to-fuel ratio fed to the engine generating the exhaust or 
by periodically injecting a reductant into the gas Stream 
upstream of the catalyst. For example, the layered catalyst 
composite of the present invention is well Suited to treat the 
exhaust of engines, including diesel engines, which continu 
ously run lean. In Such case, in order to establish a Stoichio 
metric/rich operating period, a Suitable reductant, Such as 
fuel, may be periodically sprayed into the exhaust immedi 
ately upstream of the catalytic trap of the present invention 
to provide at least local (at the catalytic trap) Stoichiometric/ 
rich conditions at Selected intervals. Partial lean-burn 
engines, Such as partial lean-burn gasoline engines, are 
designed with controls, which cause them to operate lean 
with brief, intermittent rich or stoichiometric conditions. In 
practice, the SO, Sorbent components in the top layer 
Selectively absorb in-coming SO during a lean mode opera 
tion (200° C. to 600° C) and desorb SO (regenerate) during 
a rich mode operation (450° C. to 750° C). When the 
exhaust gas temperature returns to a lean mode operation 
(200° C. to 600° C), the regenerated SO Sorbent compo 
nents in the top layer can again Selectively absorb in-coming 
SO. The duration of the lean mode may be controlled so 
that the SO, trap in the top layer will not be saturated with 
SO. For example, a vehicle can run from 5 to 8 hours in a 
lean mode before a rich-mode (60-100 mile/hour running at 
stoichiometric or L=0.98) is required. The lean duration of 
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the run is inversely proportional to the Sulfur content in the 
fuel. The rich mode is preferred to be carried out at high 
Speed fuel-enrichment Stage where engine cooling by fuel is 
a common practice. 
0050. In a preferred embodiment, the first layer of the 
layered catalyst composite comprises a first Support, a first 
platinum component, optionally a first platinum group metal 
component other than platinum, and optionally a NO Sor 
bent component Selected from the group consisting of alka 
line earth metal components, alkali metal components, and 
rare earth metal components. The optional first platinum 
group metal component other than platinum in the first layer 
may be selected from the group consisting of palladium, 
rhodium, ruthenium, and iridium components. The preferred 
first platinum group metal component other than platinum in 
the first layer is Selected from the group consisting of 
palladium, rhodium, and mixtures thereof. Preferably, the 
NO. Sorbent component is selected from the group consist 
ing of oxides of calcium, Strontium, and barium, oxides of 
potassium, Sodium, lithium, and cesium, and oxides of 
cerium, lanthanum, praseodymium, and neodymium. The 
first layer may additionally comprise a first Zirconium com 
ponent. Preferably, the first layer comprises at least one first 
alkaline earth metal component and at least one first rare 
earth metal component Selected from the group consisting of 
lanthanum metal components and neodymium metal com 
ponents. 

0051. In this preferred embodiment, the second layer of 
the layered catalyst composite comprises a Second Support 
and a SO Sorbent component after forming its reaction 
product with SOX having a free energy of formation from 
about 0 to about -90 Kcal/mole at 350° C. The second layer 
may optionally comprise a Second platinum component to 
facilitate NO/SO oxidization and NO/SO decomposition 
and reduction and optionally at least one Second platinum 
group metal component other than platinum. The optional 
Second platinum group metal component other than plati 
num in the Second layer may be selected from the group 
consisting of palladium, rhodium, ruthenium, and iridium 
components. The preferred Second platinum group metal 
component other than platinum in the Second layer is 
Selected from the group consisting of palladium, rhodium, 
and mixtures thereof. The Second layer may additionally 
optionally comprise a Second Zirconium component. Pref 
erably, the Second layer comprises at least one Second 
alkaline earth metal component and at least one Second rare 
earth metal component Selected from the group consisting of 
lanthanum metal components and neodymium metal com 
ponents. 

0052 As set out above, the present invention employs a 
Second or top layer of a SO, Sorbent component which acts 
as a Sulfur oxide absorbing layer to Selectively and revers 
ibly absorb sulfur oxides over nitrogen oxides and thereby 
provide a Sulfur guard for the NO, trap component/three 
way conversion catalyst. The SO, Sorbent component in the 
SO absorbing layer is a metal oxide, which is less basic than 
the metal oxide in the NO, absorbing layer. The less basic 
SO, sorbent component forms SO, complexes (sulfates) that 
are less stable than the SO, complexes formed with the more 
basic NO trap components. The SOSorbent components of 
the present invention have a free energy of formation from 
about 0 to about -90 Kcal/mole at 350° C., preferably from 
about 0 to about -60 Kcal/mole at 350° C., and more 
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preferably from about -30 to about -55 Kcal/mole at 350 
C. The free energy of formation is the free-energy change for 
a reaction in which a Substance in its Standard State is formed 
from its elements in their Standard States. The free energy of 
a System is the internal energy of a System minus the product 
of its temperature and its entropy, that is G=H-TS, where G 
is the Gibbs free energy, H is enthalpy, T is absolute 
temperature, and S is entropy. FIG. 1 shows the free energy 
of formation in Kcal/mole at 350° C. for a number of metal 
oxides reacting to form nitrates, Sulfates, carbonates, nitrites, 
and Sulfites. In general, metals having a free energy of 
formation with NO greater than about 0 Kcal/mole at 350 
C. (i.e., 10 Kcal/mole) will not readily adsorb NO, while 
metals having a free energy of formation with SO lower 
than about -90 Kcal/mole at 350° C. (i.e., -100 Kcal/mole) 
will form very stable sulfate but not readily desorb SO 
0053 FIG. 2 shows the free energy of formation in 
Kcal/mole at 350° C., 650 C., and 750° C. for a number of 
metal oxides reacting to form nitrates and Sulfates. 
0.054 The top layer comprises SO absorbing compo 
nents, which will not substantially absorb NO under the 
operating conditions, e.g., from about 300° C. to about 600 
C. The medium temperature regeneration SO traps selec 
tively absorb SO, so that the SO, traps will not be saturated 
with nitrate Salts in the lean mode and consequently lose 
their SO-trap capacity. The SO, Sorbent component is 
capable of selectively absorbing SO over NO in a tem 
perature range from about 100° C. to about 600° C. and 
capable of desorbing SO in a temperature range from about 
500° C. to about 700° C. Preferably, the SO, sorbent 
component is capable of Selectively absorbing SO over 
NO in a temperature range from about 150° C. to about 475 
C., more preferably in a temperature range from about 200 
C. to about 450° C., and most preferably in a temperature 
range from about 250° C. to about 450° C. Preferably, the 
SO, Sorbent component is capable of desorbing SO. Over 
NO in a temperature range from about 500° C. to about 700° 
C., preferably in a temperature range from about 520 C. to 
about 658 C., more preferably in a temperature range from 
about 535° C. to about 675° C., and most preferably in a 
temperature range from about 550 C. to about 650 C. 
Nonlimiting illustrative examples of SOX Sorbent compo 
nents may be selected from the group consisting of oxides 
and aluminum oxides of lithium, magnesium, calcium, man 
ganese, iron, cobalt, nickel, copper, Zinc, and Silver. More 
preferred SO Sorbent components may be Selected from the 
group consisting of MgO, MgAl2O (or hydrotalcite with 
MgO/AlO, from 9/1 to 1/9), MnO, MnO, and Li.O. The 
most preferred SO Sorbent components are MgO and LiO. 
0.055 The thickness of the SO absorbing layer is suffi 
ciently dense and thick So as to create a SO, diffusion barrier 
or SO sink to protect the bottom NO absorbing layer from 
contacting SO. The optimum thickness may vary with cpsi 
(cell density and wall thickness) of the substrates. Prefer 
ably, the SO, absorbing layer should be from about 0.3 g/in 
to about 2.4 g/in in loading, more preferably from about 0.8 
g/in to about 1.8 g/in. 
0056. The first and second supports may be the same or 
different compounds and may be selected from the group 
consisting of Silica, alumina, and titania compounds. Pref 
erably the first and Second Supports are activated compounds 
Selected from the group consisting of alumina, Silica, Silica 
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alumina, alumino-Silicates, alumina-Zirconia, alumina-chro 
mia, and alumina-ceria. More preferably, the first and Second 
Supports are activated alumina. 
0057 The first layer and second layer compositions may 
optionally comprise first and Second alkaline earth metals 
which are believed to stabilize the first and second layer 
compositions, respectively. The first and Second alkaline 
earth metal may be Selected from the group consisting of 
magnesium, barium, calcium and Strontium, preferably 
strontium and barium. Most preferably, the first alkaline 
earth metal component comprises barium oxide and the 
Second alkaline earth metal component comprises Strontium 
oxide. Stabilization means that the conversion efficiency of 
the catalyst composition of each layer is maintained for 
longer period of time at elevated temperatures. Stabilized 
Supports Such as alumina and catalytic components Such as 
Noble metals are more resistant to degradation against high 
temperature exposure thereby maintaining better overall 
conversion efficiencies. 

0058. The first layer and second layer compositions may 
also optionally comprise first and Second rare earth metal 
components which are believed to act as promoters. The rare 
earth metal components are derived from a metal Selected 
from the group consisting of lanthanum and neodymium. In 
a specific embodiment, the first rare earth metal component 
is Substantially lanthana and the Second rare earth compo 
nent is Substantially neodymia. The promoter enhances the 
conversion of the hydrocarbons, carbon monoxide, nitrogen 
oxides, and Sulfur oxides to harmless compounds. Zirco 
nium component in both layerS act as both washcoat Stabi 
lizer and promoter. 
0059. The first layer and second layer compositions may 
further comprise nickel, manganese, or iron components 
useful to remove Sulfides Such as hydrogen Sulfides emis 
Sions. Most preferably, the first layer comprises a nickel, 
manganese, or iron compound. 
0060 Preferably, the first layer comprises a first support, 
a first platinum component, a first platinum group metal 
component other than platinum, and a NO Sorbent compo 
nent Selected from the group consisting of alkaline earth 
metal components, alkali metal components, and rare earth 
metal components, and a first Zirconium component. Pref 
erably, the Second layer comprises a Second Support, a SO 
Sorbent component having a free energy of formation from 
about 0 to about -90 Kcal/mole at 350° C., a second 
platinum component, at least one Second platinum group 
metal component other than platinum, and a Second Zirco 
nium component. Preferably, at least one of the first or 
Second layers comprises at least one first alkaline earth metal 
component and at least one first rare earth metal component 
Selected from the group consisting of lanthanum metal 
components and neodymium metal components. 
0061. When the compositions are applied as a thin coat 
ing to a monolithic carrier Substrate, the proportions of 
ingredients are conventionally expressed as grams of mate 
rial per cubic inch (g/in) of the catalyst and the Substrate. 
This measure accommodates different gas flow passage cell 
sizes in different monolithic carrier Substrates. Platinum 
group metal components are based on the weight of the 
platinum group metal. 
0062. A useful and preferred first layer has from about 
0.15 g/in to about 2.0 g/in of the first support; (ii) at least 
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about Ig/ft of the first platinum component; (iii) at least 
about Ig/ft of a first platinum group metal component other 
than platinum; (iv) from about 0.025 g/into about 0.5 g/in 
of a NO Sorbent component Selected from the group con 
Sisting of alkaline earth metal oxides, alkali metal oxides, 
and rare earth metal oxides; and (v) from about 0.025 g/in 
to about 0.5 g/in of a first zirconium component; and from 
0.0 and preferably about 0.025 g/into about 0.5 g/in of at 
least one first rare earth metal component Selected from the 
group consisting of ceria metal components, lanthanum 
metal components and neodymium metal component. 
0.063 A useful and preferred second layer has from about 
0.15 g/in to about 2.0 g/in of the second support; (ii) from 
about 0.3 g/in to about 1.8 g/in of the SO, sorbent com 
ponent; (iii) at least about Ig/ft of a second platinum group 
component; (iv) at least about 1 g/ft of a second platinum 
group metal component other than platinum; and (V) from 
about 0.025 g/in to about 0.5 g/in of a second zirconium 
component. 

0064. The specific construction of layers having the first 
and Second compositions in the layered catalyst composites 
Set out above results in an effective three-way catalyst that 
reversibly traps Sulfur oxide contaminants present and 
thereby prevents the Sulfur oxide contaminants from poi 
Soning the three-way conversion catalysts. The layered 
catalyst composite can be in the form of a Self-Supported 
article Such as a pellet with the first layer on the inside and 
the Second layer on the outside of the pellet. Alternatively, 
and more preferably, the first layer is Supported on a carrier, 
also referred to as a Substrate, preferably a honeycomb 
Substrate, and the Second layer is Supported on the first layer 
applied to the Substrate. 
0065. In a second embodiment, the structure of the lay 
ered catalyst composite of the present invention is designed 
in an axial arrangement wherein there is an upstream Section 
and a downstream Section. The upstream Section comprises 
an upstream Substrate and a first layer on the upstream 
Substrate. The downstream Section comprises a downstream 
Substrate and a first layer on the downstream Substrate. 
Exhaust gaseous emissions comprising hydrocarbons, car 
bon monoxide, nitrogen oxides, and Sulfur oxides first 
encounter the upstream Section, and Secondly encounter the 
downstream Section. The first layer comprises a first Support; 
at least one first platinum component, optionally a first 
platinum group metal component other than platinum; 
optionally a first Zirconium component; and optionally a 
NO, Sorbent component selected from the group consisting 
of alkaline earth metal components, alkali metal compo 
nents, and rare earth metal components. The Second layer 
comprises a Second Support; a SO, Sorbent component after 
forming its reaction product with SO having a free energy 
of formation from about 0 to about -90 Kcal/mole at 350 
C., optionally at least one Second platinum component; 
optionally a Second platinum group metal component other 
than platinum; and optionally a Second Zirconium compo 
nent. Upon passing through the upstream Section, the 
exhaust gas becomes depleted in SO and then contacts the 
downstream Section. In the downstream Section, the three 
way conversion catalyst/NO Sorbent Stores NO during lean 
periods and releases and reduces stored NO during rich 
periods. 
0.066 The layered catalyst composites of the present 
invention may also comprise Several layers of Several dif 
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ferent basic metal oxide components, which may be 
designed in a radial arrangement or an axial arrangement. In 
this embodiment, the leSS basic metal oxide components are 
utilized in the top layerS or upstream Sections and the more 
basic metal oxide components are utilized in the bottom 
layerS or downstream Sections to provide an alkaline gradi 
ent of basic metal oxides. The top layerS or upstream 
sections serve mainly to absorb SO and the bottom layers 
or downstream sections serve to absorb NO. 
0067. In a specific second embodiment, the present 
invention pertains to an axial layered catalyst composite 
comprising an upstream Section and a downstream Section: 

0068 (1) the downstream section comprising: 
0069 (a) a downstream substrate; and 
0070 (b) a first layer on the downstream Sub 

Strate, the first layer comprising a first Support and 
a first platinum component; 

0071 (2) the upstream section comprising: 
0072 (a) an upstream substrate; and 
0073 (b) a second layer on the upstream Sub 

Strate, the Second layer comprising a Second Sup 
port and a SO, Sorbent component after forming 
its reaction product with SO having a free energy 
of formation from about 0 to about -90 Kcal/mole 
at 350° C. 

0074. In a third embodiment, the present invention is 
directed to a radial layered catalyst composite comprising a 
bottom, a first middle, and a top layer. Exhaust gaseous 
emissions comprising hydrocarbons, carbon monoxide, 
nitrogen oxides, and Sulfur oxides first encounter the top 
layer, secondly the first middle layer, and thirdly the bottom 
layer. The bottom layer comprises a first Support; at least one 
first platinum component; a first NO. Sorbent component 
Selected from the group consisting of cesium components, 
potassium components, and cerium components, optionally 
a first platinum group metal component other than platinum; 
and optionally a first Zirconium component. The first middle 
layer comprises a Second Support; at least one Second metal 
oxide which is Selected from the group consisting of BaO 
and MgO, optionally a Second platinum component, option 
ally a Second platinum group metal component other than 
platinum; and optionally a Second Zirconium component. 
The top layer comprises a third Support; at least one third 
metal oxide component which is MgAl2O, optionally a 
third platinum component, optionally a third platinum group 
metal component other than platinum; and optionally a third 
Zirconium component. In one embodiment, the Second metal 
oxide in the first middle layer is BaO. In another embodi 
ment, the Second metal oxide in the first middle layer is 
MgO. The NO, sorbent component in the bottom layer is 
preferably a composite of CSO/KO/CeO. 
0075). In this third embodiment, preferably the first 
middle layer comprises a SO Sorbent component, which is 
MgO. Preferably, the radial layered catalyst composite fur 
ther comprises a Second middle layer located between the 
bottom layer and the first middle layer. Exhaust gaseous 
emissions comprising hydrocarbons, carbon monoxide, 
nitrogen oxides, and Sulfur oxides first encounter the top 
layer, then the first middle layer, next the Second middle 
layer, and finally the bottom layer. The second middle layer 
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comprises a fourth Support; and a fourth metal oxide which 
is BaO, optionally a fourth platinum component, optionally 
a fourth platinum group metal component other than plati 
num; and optionally a fourth Zirconium component. 
0.076. In specific third embodiment, the present invention 
pertains to a radial layered catalyst composite comprising a 
bottom layer, a first middle layer, and a top layer: 

0077 (a) the bottom layer comprising: 
0078 (i) a first support; 
0079 (ii) a first platinum component; 
0080 (iii) a first NO. Sorbent component selected 
from the group consisting of cesium components, 
potassium components, and cerium components, 
and 

0081 (b) the first middle layer comprising: 
0082 (i) a second support; 
0083 (ii) a second SOsorbent component which 

is Selected from the group consisting of BaO and 
MgO; and 

0084) (c) the top layer comprising: 
0085 (i) a third support; 
0.086 (ii) a third SOsorbent component, which is 
MgAl-O. 

0.087 Preferably, the radial layered catalyst composite in 
this embodiment further includes the following: 

0088 (3) the first middle layer comprises a SO, 
sorbent component which is MgO, and further com 
prising a Second middle layer located between the 
bottom layer and the first middle layer: 

0089 (d) the second middle layer comprising: 
0090 (i) a fourth support; and 
0091 (ii) a SO, sorbent component, which is 
BaO. 

0092. In a fourth embodiment, the present invention is 
directed to an axial layered catalyst composite having an 
upstream Section, a midstream Section, and a downstream 
Section. Exhaust gaseous emissions comprising hydrocar 
bons, carbon monoxide, nitrogen oxides, and Sulfur oxides 
first encounter the upstream Section, then the midstream 
Section, and finally the downstream Section. The down 
Stream Section comprises a downstream Substrate and a first 
layer on the downstream Substrate. The first layer comprises 
a first Support; at least one first platinum component; at least 
one NO. Sorbent component which is selected from the 
group consisting of cesium components, potassium compo 
nents, and cerium components, optionally a first platinum 
group metal component other than platinum; and optionally 
a first Zirconium component. The upstream Section com 
prises an upstream Substrate and a Second layer on the 
upstream Substrate. The Second layer comprises a Second 
Support; a SOX Sorbent component, which is MgAl2O, 
optionally a Second platinum component, optionally a Sec 
ond platinum group metal component other than platinum; 
and optionally a Second Zirconium component. The first 
midstream Section, located between the upstream Section 
and the downstream Section, comprises a first midstream 
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Substrate and a third layer on the first midstream Substrate. 
The third layer comprises a third Support; a third metal oxide 
which is Selected from the group consisting of BaO and 
MgO, optionally a third platinum component, optionally a 
platinum group metal component other than platinum; and 
optionally a third Zirconium component. In one embodi 
ment, the third metal oxide in the third layer is BaO. In 
another embodiment, the third metal oxide in the third layer 
is MgO. The NO, sorbent component in the first layer is 
preferably a composite of CSO/KO/CeO. 

0093. In this fourth embodiment, preferably the third 
layer on the first midstream Substrate of the axial layered 
catalyst composite comprises a third metal oxide component 
which is MgO: Preferably, the axial layered catalyst com 
posite further comprises a Second midstream Section located 
between the downstream Section and the first midstream 
Section. Exhaust gaseous emissions comprising hydrocar 
bons, carbon monoxide, nitrogen oxides, and Sulfur oxides 
first encounter the upstream Section, then the first midstream 
Section, next the Second midstream Section, and finally the 
downstream Section. The Second midstream Section com 
prises a Second midstream Substrate and a fourth layer on the 
Second midstream Substrate. The fourth layer comprises a 
fourth support; a fourth metal oxide which is BaO; option 
ally a fourth platinum component, optionally a fourth plati 
num group metal component other than platinum; and 
optionally a fourth Zirconium component. 

0094 Preferably, the axial layered catalyst composite in 
this embodiment further includes the following: 

0.095 (1) the first layer on the downstream substrate 
further comprises a NO Sorbent component Selected 
from the group consisting of cesium components, 
potassium components, and cerium components, and 

0096 (2) the second layer on the upstream substrate 
comprises a SO, Sorbent component which is 
MgAl-O, and further comprising a first midstream 
Section located between the upstream Section and the 
downstream Section: 

0097 (3) the first midstream section comprising: 

0.098 (a) a first midstream substrate; and 

0099 (b) a third layer on the first midstream 
Substrate, the third layer comprising: 

0100 (i) a third support; and 

0101 (ii) a third SO, sorbent component, 
which is Selected from the group consisting of 
BaC) and MgO. 

0102 More preferably, the axial layered catalyst 
composite in this embodiment further includes the 
following: 

0103 (1) the third layer on the first midstream 
Substrate comprises a third SO Sorbent component 
which is MgO, and further comprising a Second 
midstream Section located between the downstream 
Section and the first midstream Section: 
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0104 (2) the second midstream section comprising: 
0105 (a) a second midstream substrate; and 
0106 (b) a fourth layer on the second midstream 
Substrate, the fourth layer comprising: 
0107 (i) a fourth support; 
0108 (ii) a fourth SO sorbent which is Ba0. 

0109 The front or upstream longitudinal portion of the 
axial layered catalyst composite, the portion end to which 
the exhaust Stream being treated is first introduced, prefer 
ably excludes the NO. Sorbents which, when used, are 
relegated to a rear or downstream portion of the axial layered 
catalyst composite. For example, a typical So-called honey 
comb-type carrier member comprises a “brick' of material 
Such as cordierite or the like, having a plurality of fine, 
gas-flow passages extending from the front portion to the 
rear portion of the carrier member. These fine gas-flow 
passages, which may number from about 100 to 900 pas 
Sages or cells per Square inch of face area ("cpsi'), have a 
catalytic trap material coated on the walls thereof. Prefer 
ably, the NO, sorbent is utilized on the rear longitudinal 
Segment of the carrier member So as to prevent the Sulfur 
oxide contaminants from poisoning the three-way conver 
sion catalysts. Typically, the first (front or upstream) 80% to 
20% of the longitudinal length of the carrier member is kept 
substantially free of the NO. Sorbents, which are relegated to 
the rear 20% to 80% of the length of the catalytic trap. The 
same effect may be attained by using two separate carrier 
members in Series, the first or upstream member being 
devoid of NO Sorbents, which may be contained in a second 
or downstream carrier member. 

0110. The present invention also includes a method for 
treating an exhaust gas Stream, which comprises the Step of 
contacting the gas Stream comprising carbon monoxide 
and/or hydrocarbons, nitrogen oxides, and Sulfur oxides with 
the layered catalyst composite Set out above. The present 
invention also includes a method of treating an exhaust gas 
Stream comprising the Steps of contacting the Stream with 
the layered catalyst composite Set out above under alternat 
ing periods of lean and Stoichiometric or rich operation. 
Contacting is carried out under conditions whereby at least 
Some of the SO, in the exhaust gas Stream is trapped in the 
catalytic material during the periods of lean operation and is 
released and reduced during the periods of Stoichiometric or 
rich operation. 
0111. In a specific embodiment, the present invention 
pertains to a method for removing NO, and SO contami 
nants from a gaseous Stream comprising the Steps of 

0112 (A) in a Sorbing period, passing a lean gaseous 
Stream within a Sorbing temperature range through a 
layered catalyst composite comprising a first layer 
and a Second layer: 

0113 (a) the first layer comprising a first support 
and a first platinum component, and 

0114 (b) the second layer comprising a second 
Support and a SO, Sorbent component after forming 
its reaction product with SO having a free energy of 
formation from about 0 to about -90 Kcal/mole at 
350° C.; to sorb at least some of the SO, contami 
nants into the Second layer and thereby provide a 
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SO depleted gaseous Stream exiting the Second 
layer and entering the first layer, wherein the first 
layer Sorbs and abates the NO in the gaseous Stream; 
and 

0115 (B) in a desorbing period, converting the lean 
gaseous Stream to a rich gaseous Stream and raising 
the temperature of the gaseous Stream to within a 
deSorbing temperature range to thereby reduce and 
desorb at least Some of the SO, contaminants from 
the second layer and thereby provide a SO, enriched 
gaseous Stream exiting the Second layer, preferably 
at high VHSV (space velocity)to reduce contact time 
of SO, with downstream catalytic layers. 

0116. In another specific embodiment, the present inven 
tion pertains to a method for removing NO, and SO 
contaminants from a gaseous Stream comprising the Steps of: 

0117 (A) in a Sorbing period passing a lean gaseous 
Stream within a Sorbing temperature range through 
an axial layered catalyst composite comprising an 
upstream Section and a downstream Section: 

the dOWinStream SectOn COmoriSing: 0118 (1) the d prising 

0119 (a) a downstream substrate; and 
0120 (b) a first layer on the downstream Sub 

Strate, the first layer comprising a first Support and 
a first platinum component; 

0121 (2) the upstream section comprising: 
0.122 (a) an upstream Substrate; and 
0123 (b) a second layer on the upstream substrate, 
the Second layer comprising a Second Support and a 
SO Sorbent component after forming its reaction 
product with SO having a free energy of formation 
from about 0 to about -90 Kcal/mole at 350° C.; to 
Sorb at least Some of the SO contaminants into the 
upstream Section and thereby provide a SO, depleted 
gaseous Stream exiting the upstream Section and 
entering the downstream Section, wherein the down 
stream section sorbs and abates the NO, in the 
gaseous Stream; and 

0124 (B) in a desorbing period, converting the lean 
gaseous Stream to a rich gaseous Stream and raising 
the temperature of the gaseous Stream to within a 
deSorbing temperature range to thereby reduce and 
deSorb at least Some of the SO, contaminants from 
the upstream Section and thereby provide a SO 
enriched gaseous Stream exiting the upstream Sec 
tion, preferably at high VHSV (space velocity)to 
reduce contact time of SO, with downstream cata 
lytic layers. 

0.125 More preferably, the method in this embodiment 
further includes the following: 

0126 (1) the first layer on the downstream substrate 
further comprises a NO Sorbent component Selected 
from the group consisting of cesium components, 
potassium components, and cerium components, and 

0127 (2) the second layer on the upstream substrate 
comprises a SO, Sorbent component which is 
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MgAlO4; and further comprising a first midstream 
Section located between the upstream Section and the 
downstream Section: 

0128 (3) the first midstream section comprising: 
0129 (a) a first midstream substrate; and 
0130 (b) a third layer on the first midstream 
Substrate, the third layer comprising: 
0131 (i) a third support; and 
0132 (ii) a third SO, sorbent component, 
which is Selected from the group consisting of 
BaC) and MgO, to sorb at least some of the SO 
contaminants into the first midstream Section 
and thereby provide a SO, depleted gaseous 
Stream exiting the first midstream Section and 
entering the downstream Section, wherein the 
downstream section Sorbs and abates the NO in 
the gaseous Stream; and 

0133 (B) in a desorbing period, converting the lean 
gaseous Stream to a rich gaseous Stream and raising 
the temperature of the gaseous Stream to within a 
deSorbing temperature range to thereby reduce and 
desorb at least Some of the SO, contaminants from 
the first midstream Section and thereby provide a 
SO, enriched gaseous stream exiting the first mid 
Stream Section. 

0134. In yet another specific embodiment, the present 
invention pertains to a method for removing NO, and SO 
contaminants from a gaseous Stream comprising the Steps of 

0.135 (A) in a Sorbing period, passing a lean gaseous 
Stream within a Sorbing temperature range through a 
radial layered catalyst composite comprising a bot 
tom layer, a first middle layer, and a top layer: 

0136 (a) the bottom layer comprising: 
0137 (i) a first support; 
0138 (ii) a first platinum component; 
0139 (iii) a first NO. Sorbent component selected 
from the group consisting of cesium components, 
potassium components, and cerium components, 
and 

0140 (b) the first middle layer comprising: 
0141 (i) a second support; 
0142 (ii) a second SOsorbent component which 

is Selected from the group consisting of BaO and 
MgO; and 

0143 (c) the top layer comprising: 
0144 (i) a third support; 
0145 (ii) a third SOsorbent component, which is 
MgAl-O, to Sorb at least Some of the SO con 
taminants into the top and first middle layerS and 
thereby provide a SO, depleted gaseous Stream 
exiting the top and first middle layers and entering 
the bottom layer, wherein the bottom layer Sorbs 
and abates the NO in the gaseous Stream; and 

0146 (B) in a desorbing period, converting the lean 
gaseous Stream to a rich gaseous Stream and raising 
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the temperature of the gaseous Stream to within a 
deSorbing temperature range to thereby reduce and 
deSorb at least Some of the SO, contaminants from 
the top and first middle layers and thereby provide a 
SO enriched gaseous Stream exiting the top and first 
middle layers, preferably at high VHSV (space 
velocity)to reduce contact time of SO, with down 
Stream catalytic layers. 

0147 More preferably, the method in this embodiment 
further includes the following: 

0148 (3) the first middle layer comprises a SO, 
sorbent component which is MgO, and further com 
prising a Second middle layer located between the 
bottom layer and the first middle layer: 

0149 (d) the second middle layer comprising: 
0150 (i) a fourth support; and 
0151 (ii) a SO, sorbent component, which is 
Ba0; to sorb at least some of the SO, contami 
nants into the Second middle layer and thereby 
provide a SO, depleted gaseous stream exiting the 
Second middle layer and entering the bottom layer, 
wherein the bottom layer sorbs and abates the NO 
in the gaseous Stream; and 

0152 (B) in a desorbing period, converting the lean 
gaseous Stream to a rich gaseous Stream and raising 
the temperature of the gaseous stream to within a 
deSorbing temperature range to thereby reduce and 
deSorb at least Some of the SO, contaminants from 
the second middle layer and thereby provide a SO, 
enriched gaseous Stream exiting the Second layer. 

0153. The present invention also includes a method for 
preparing the layered catalyst composite of the present 
invention, which involves forming the first and Second 
layerS and then coating the first layer with the Second layer. 
The present invention further includes a method of forming 
a layered catalyst composite which comprises the Steps of 
(a) combining at least one water-Soluble or dispersible first 
platinum component and a finely divided, high Surface area 
refractory oxide with an aqueous liquid to form a first 
solution or dispersion which is sufficiently dry to absorb 
essentially all of the liquid; (b) optionally mixing the first 
Solution or dispersion with a first water-Soluble or disperS 
ible platinum group metal component other than a platinum 
component, a first Zirconium component, and a NO Sorbent 
component Selected from the group consisting of alkaline 
earth metal components, alkali metal components, and rare 
earth metal components; (c) forming a first layer of the first 
Solution or dispersion on a Substrate; (d) converting the first 
platinum component and the optional first platinum group 
metal component other than platinum in the resulting first 
layer to a water-insoluble form (either by heat or pH 
change); (e) combining at least one water-Soluble or dis 
persible SO, Sorbent component, capable of Selectively 
absorbing SO over NO in a temperature range from about 
100° C. to about 600° C. and capable of desorbing SO in a 
temperature range from about 500 C. to about 700 C., and 
a finely divided, high Surface area refractory oxide with an 
aqueous liquid to form a Second Solution or dispersion which 
is sufficiently dry to absorb essentially all of the liquid; (f) 
optionally mixing the Second Solution or dispersion with a 
water-Soluble or dispersible Second platinum component, 
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Second platinum group metal component other than plati 
num, and a second Zirconium component, (g) forming a 
Second layer of the Second Solution or dispersion on the first 
layer; and (h) converting the Second platinum component 
and the optional Second platinum group metal component 
other than platinum in the resulting Second layer to a 
water-insoluble form. 

0154) In a specific embodiment, the present invention 
pertains to a method of forming a layered catalyst compos 
ite, which comprises the Steps of: 

0155 (a) forming a first layer comprising: 
0156 (i) a first support; and 
0157 (ii) a first platinum component; and 

0158 (b) coating the first layer with a second layer 
comprising: 

0159 (i) a second support; and 
0160 (ii) a SO, sorbent component after forming 

its reaction product with SOX having a free energy 
of formation from about 0 to about -90 Kcal/mole 
at 350° C. 

0.161 In another specific embodiment, the present inven 
tion pertains to a method of forming a layered catalyst 
composite, which comprises the Steps of 

0162 (a) combining a water-soluble or dispersible 
(a Suspension of) first platinum component and a 
finely divided, high Surface area refractory oxide 
with an aqueous liquid to form a first Solution or 
dispersion which is sufficiently dry to absorb essen 
tially all of the liquid; 

0163 (b) forming a first layer of the first solution or 
dispersion on a Substrate; 

0164 (c) converting the first platinum component in 
the resulting first layer to a water-insoluble form; 

0165 (d) combining a water-soluble or dispersible 
SO, Sorbent component after forming its reaction 
product with SO having a free energy of formation 
from about 0 to about -90 Kcal/mole at 350° C., and 
a finely divided, high Surface area refractory oxide 
with an aqueous liquid to form a Second Solution or 
dispersion which is sufficiently dry to absorb essen 
tially all of the liquid; 

0166 (e) forming a second layer of the second 
Solution or dispersion on the first layer; and 

0167 (f) converting the second platinum component 
in the resulting Second layer to a water-insoluble 
form. 

0168 AS used herein, the following terms, whether used 
in Singular or plural form, have the meaning defined below. 
0169. The term “catalytic metal component”, or “plati 
num metal component', or reference to a metal or metals 
comprising the Same, means a catalytically effective form of 
the metal or metals, whether the metal or metals are present 
in elemental form, or as an alloy or a compound, e.g., an 
oxide. 

0170 The term “component” or “components” as applied 
to NO, sorbents means any effective NO-trapping forms of 
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the metals, e.g., Oxygenated metal compounds Such as metal 
hydroxides, mixed metal oxides, metal oxides or metal 
carbonates. 

0171 The term “gaseous stream” or “exhaust gas stream” 
means a Stream of gaseous constituents, Such as the exhaust 
of an internal combustion engine, which may contain 
entrained non-gaseous components Such as liquid droplets, 
Solid particulates, and the like. 
0172). The terms “g/in or “g/ft” or “g/ft” used to 
describe weight per Volume units describe the weight of a 
component per Volume of catalyst or trap member including 
the Volume attributed to void SpaceS Such as gas-flow 
passages. 

0173 The term “lean” mode or operation of treatment 
means that the gaseous Stream being treated contains more 
oxygen that the Stoichiometric amount of oxygen needed to 
oxidize the entire reductants content, e.g., HC, CO and H, 
of the gaseous Stream. 
0.174. The term “mixed metal oxide” means bi-metallic or 
multi-metallic oxygen compounds, Such as Ba-SrWO, 
which are true-compounds and is not intended to embrace 
mere mixtures of two or more individual metal oxides Such 
as a mixture of SrO and BaO. 

0.175. The term “platinum group metals” means platinum, 
rhodium, palladium, ruthenium, iridium, and osmium. 
0176) The term “selectively absorbing SO over NO” 
means that the SO, traps are sufficiently selective to absorb 
SO over NO, so that the SO, traps will not be saturated with 
nitrate Salts in the lean mode and consequently lose their 
SOX-trap capacity. In Some cases, SOX trap materials can 
only form stable sulfate but not nitrate. For example, Mg, 
Mn, Cu, or Nican selectively absorb SO over NOx at 350° 
C., respectively. 
0177. The term “sorb” means to effect sorption. 
0.178 The term “stoichiometric/rich' mode or operation 
of treatment means that the gaseous Stream being treated 
refers collectively to the Stoichiometric and rich operating 
conditions of the gas Stream. 
0179 The abbreviation “TOS" means time on stream. 
0180. The term “washcoat” has its usual meaning in the 
art of a thin, adherent coating of a catalytic or other material 
applied to a refractory carrier material, Such as a honey 
comb-type carrier member, which is Sufficiently porous to 
permit the passage therethrough of the gas Stream being 
treated. 

0181 Other aspects of the invention are disclosed in the 
following detailed description of embodiments of the inven 
tion. 

BRIEF DESCRIPTION OF THE FIGURES 

0182 FIG. 1 shows the free energy of formation of 
nitrates, sulfates, and nitrites in Kcal/mole at 350° C. 
0183 FIG. 2 shows the free energy of formation in 
Kcal/mole at 350° C., 650 C., 750° C., and 850° C. for 
Sulfates. 

DETAILED DESCRIPTION OF THE 
INVENTION AND SPECIFIC EMBODIMENTS 

THEREOF 

0.184 The present invention is directed to a layered 
catalyst composite of the type useful as a three-way con 
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version catalyst (TWC). The TWC catalyst composite of the 
present invention Simultaneously catalyzes the oxidation of 
hydrocarbons and carbon monoxide and the reduction of 
nitrogen oxides and Sulfur oxides in a gas exhaust Stream. 
The layered catalyst composites of the present invention 
have a Sulfur oxide absorbing layer which Selectively and 
reversibly absorbs Sulfur oxides over nitrogen oxides and 
thereby prevents or alleviates Sulfur oxide poisoning of the 
three-way conversion catalyst. 

0185. The reduction of NO, from the exhaust of lean 
burn engines, Such as gasoline direct injection and partial 
lean-burn engines, as well as from diesel engines, requires 
trapping and Storing of NO under lean engine operating 
conditions and releasing and reducing the NO under Sto 
ichiometric or rich engine operating conditions. The lean 
operating cycle is typically between 1 minute to 3 hours and 
the rich operating cycle is typically Small (1 to 5 Seconds) to 
preserve as much fuel as possible. The short and frequent 
regeneration is favored over long but leSS frequent regen 
eration. A three-way conversion catalyst generally must 
provide a NO trap function and a catalyst function. Without 
wishing to be bound by a particular theory, it is believed that 
catalytic traps function in the following manner. 

0186. At lean engine operating conditions, the following 
reactions are promoted. 

0187 Oxidation of NO to NO 

talvst (a) catalys NO2 NO + 1/2 O2 

0188 NO Storage as Nitrate 
2NO+MCO+/2O.------------- >M(NO)2+CO, (b) 

0189 Reaction (a) is typically catalyzed by metal oxides 
or precious metals Such as platinum and/or palladium cata 
lytic components. Reaction (b) is typically promoted by a 
basic NOsorbent (MCO) which is generally a carbonate or 
oxide of Sodium, potassium, Strontium, barium, etc. For 
example, when BaCO is the NO, sorbent (MCO), 
M(NO), is Ba(NO.). 
0190. At stoichiometric or rich engine operating condi 
tions, the following reactions are promoted. 

0191) NO Release 
M(NO)+2CO------------- >MCO+NO+NO+CO, (c) 

0192) NO Reduction to N. 

(d) 
catalyst 

NO + CO ------- -- NO + CO2 
(e) 

catalyst 
2NO - 2CO - - - - - - - - N2 + 2CO2 

0193 Reaction (c) releases NO, and regenerates the basic 
NO Sorbent (MCO). Reactions (d) and (e) are typically 
catalyzed by metal oxides or precious metals. Such as plati 
num and/or palladium catalytic components. In addition to 
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carbon monoxide in reactions (d) and (e), unburned hydro 
carbon contaminants or hydrogen may also act as the 
reducing agent. 

0194 When SO contaminants are present in the exhaust 
gaseous Stream, the SO, contaminants compete with NO 
and poison the basic NO, sorbents. When SO contaminants 
are present in the exhaust Stream, the following reactions are 
promoted. 

0195 Oxidation of SO to SO 

(f) 
SO2 + 1/2 O2 styl- SOs 

0196) SO Storage as Sulfate 
SO+MCO------------- >MSO+CO, (g) 

0197) Reaction (f), like reaction (a), is typically catalyzed 
by metal oxides or precious metals. In reaction (g), SO 
occupies sites for NO Storage in the basic NO Sorbent 
(MCO) and replaces CO or NO. 
0198 In accord with the present invention, layered cata 
lyst composites are provided having a Sulfur oxide absorbing 
layer before or above a nitrogen oxide absorbing layer. The 
sulfur oxide absorbing layer selectively and reversibly 
absorbs Sulfur oxides over nitrogen oxides and thereby 
hinders or prevents Sulfur oxide poisoning of the three-way 
conversion catalyst. The layered catalyst composite com 
prises a first layer having a first Support and a first layer 
composition and a Second layer having a Second Support and 
a Second layer composition. The first layer composition 
comprises a first platinum component. The Second layer 
composition comprises a SO Sorbent component after form 
ing its reaction product with SO having a free energy of 
formation from about 0 to about -90 Kcal/mole at 350° C. 
The SOsorbent component is capable of selectively absorb 
ing SO over NO in a temperature range from about 100 
C. to about 600° C. and capable of desorbing SO in a 
temperature range from about 500° C. to about 700° C. The 
gas Stream initially encounters the Second, top, or Outer layer 
composition, which is designed to reversibly trap Sulfur 
oxide contaminants over a wide range of temperatures and 
thereby prevent the contaminants from contacting and poi 
Soning the three-way conversion catalyst. The gas then 
passes to the first, bottom, or inner layer where the three-way 
conversion catalyst converts the remaining pollutants. 
0199 The first layer composition and second layer com 
position respectively comprise a first Support and a Second 
Support, which can be the Same or different components. The 
Support is made of a high Surface area refractory oxide 
Support. Useful high Surface area Supports include one or 
more refractory oxides. These oxides include, for example, 
Silica and metal oxides Such as alumina, including mixed 
oxide forms Such as Silica-alumina, aluminosilicates which 
may be amorphous or crystalline, alumina-Zirconia, alu 
mina-chromia, alumina-ceria and the like. The Support is 
Substantially comprised of alumina which preferably 
includes the members of the gamma or activated alumina 
family, Such as gamma and eta aluminas, and, if present, a 
minor amount of other refractory oxide, e.g., about up to 20 
weight percent. Desirably, the active alumina has a specific 
surface area of 30 to 300 m/g. 
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0200. The first layer and second layer compositions com 
prise alumina, catalytic components, Stabilizers, reaction 
promoters and, if present, other modifiers and excludes the 
carrier or Substrate. When the compositions are applied as a 
thin coating to a monolithic carrier Substrate, the proportions 
of ingredients are conventionally expressed as grams of 
material per cubic inch of catalyst as this measure accom 
modates different gas flow passage cell sizes in different 
monolithic carrier Substrates. For typical automotive exhaust 
gas catalytic converters, the catalyst composite, which 
includes a monolithic Substrate generally, may comprise 
from about 0.50 to about 6.0, preferably about 1.0 to about 
5.0 g/in of catalytic composition coating. 
0201 In a preferred method of preparing the catalyst, a 
platinum component, and optionally a platinum group metal 
component other than platinum, Such as a Suitable com 
pound and/or complex of the platinum group metals may be 
utilized to achieve dispersion of the catalytic component on 
activated alumina Support particles. AS used herein, the term 
"platinum and optional platinum group metal component' 
means any platinum and optional platinum metal compound, 
complex, or the like which, upon calcination or use of the 
catalyst decomposes or otherwise converts to a catalytically 
active form, usually, the metal or the metal oxide. Water 
Soluble compounds or water dispersible compounds or com 
plexes of platinum group metals may be utilized as long as 
the liquid used to impregnate or deposit the catalytic metal 
compounds onto alumina Support particles does not 
adversely react with the catalytic metal or its compound or 
complex or the other components of the catalyst composi 
tion and is capable of being removed from the catalyst by 
Volatilization or decomposition upon heating and/or the 
application of vacuum. In Some cases, the completion of 
removal of the liquid may not take place until the catalyst is 
placed into use and Subjected to the high temperatures 
encountered during operation. Generally, both from the 
point of view of economics and environmental aspects, 
aqueous Solutions of Soluble compounds or complexes of the 
platinum and optional platinum group metals are preferred. 
For example, Suitable compounds are chloroplatinic acid, 
amine Solubilized platinum hydroxide, platinum nitrate or 
platinum chloride, rhodium chloride, rhodium nitrate, heX 
amine rhodium chloride, etc. During the calcination Step, or 
at least during the initial phase of use of the catalyst, Such 
compounds are converted into a catalytically active form of 
the platinum group metal or a compound thereof. 
0202) In addition to the above listed components of the 

first layer composition and the Second layer composition, it 
is optional that each layer contain a particular composite of 
Zirconia and at least one rare earth oxide containing ceria. 
Such materials are disclosed for example in U.S. Pat. Nos. 
4,624,940 and 5,057,483, hereby incorporated by reference. 
Particularly preferred are particles comprising greater than 
50% of a zirconia-based compound and preferably from 60 
to 90% of zirconia, from 10 to 30 wt.% of ceria and 
optionally up to 10 wt.%, and when used at least 0.1 wt.%, 
of a non-ceria rare earth oxide useful to Stabilize the Zirconia 
Selected from the group consisting of lanthana, neodymia 
and yttria. 
0203 Both the first layer composition and second layer 
composition may comprise a component which impart Sta 
bilization, preferably a first stabilizer in the first layer and 
second stabilizer in the second layer. The stabilizer is 
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Selected from the group consisting of alkaline earth metal 
compounds. Preferred compounds include compounds 
derived from metals Selected from the group consisting of 
magnesium, barium, calcium and Strontium. It is known 
from U.S. Pat. No. 4,727,052 that support materials, such as 
activated alumina, can be thermally Stabilized to retard 
undesirable alumina phase transformations from gamma to 
alpha at elevated temperatures by the use of Stabilizers or a 
combination of stabilizers. While a variety of stabilizers are 
disclosed, the first layer and Second layer composition of the 
present invention use alkaline earth metal components. The 
alkaline earth metal components are preferably alkaline 
earth metal oxide. In a particularly preferred composition, it 
is desirable to use barium and Strontium as the compound in 
the first and/or the Second layer composition. The alkaline 
earth metal can be applied in a Soluble form, which upon 
calcining becomes the oxide. It is preferred that the Soluble 
barium be provided as barium nitrate, barium-acetate or 
barium hydroxide and the soluble strontium provided as 
Strontium nitrate or Strontium acetate, all of which upon 
calcining become the oxides. 

0204 One aspect of the present invention provides for 
applying one or more thermal Stabilizers and/or catalytic 
promoter to a previously calcined coating of the activated 
alumina and catalytic components on a carrier Substrate. In 
other aspects of the invention, one or more additives may be 
applied to the activated alumina either before or after the 
alumina particles are formed into an adherent, calcined 
coating on the carrier Substrate. (AS used herein, a "precur 
Sor', whether of a thermal stabilizer, or other modifier or 
other component, is a compound, complex or the like which, 
upon calcining or upon use of the catalyst, will decompose 
or otherwise be converted into, respectively, a thermal 
Stabilizer, other modifier or other component.) The presence 
of one or more of the metal oxide thermal stabilizers tends 
to retard the phase transition of high Surface area aluminas 
Such as gamma and eta aluminas to alpha-alumina, which is 
a low Surface area alumina. The retardation of Such phase 
transformation tends to prevent or reduce the occlusion of 
the catalytic metal component by the alumina with the 
consequent decrease of catalytic activity. 

0205. In each of the first layer and second layer compo 
Sitions, the amount of metal oxide thermal Stabilizer com 
bined with the alumina may be from about 0.05% to 30% by 
weight, preferably from about 0.1% to 25% by weight, based 
on the total weight of the combined alumina, Stabilizer and 
catalytic metal component. 

0206. Additionally, both the first layer composition and 
the Second layer composition may contain a compound 
derived from zirconium, preferably zirconium oxide. The 
Zirconium compound can be provided as a water-Soluble 
compound Such as Zirconium acetate or as a relatively 
insoluble compound Such as Zirconium hydroxide. There 
should be an amount Sufficient to enhance the Stabilization 
and promotion of the respective compositions. 

0207 Both the first layer composition and the second 
layer composition may contain at least one first promoter 
Selected from the group consisting of lanthanum metal 
components and neodymium metal components with the 
preferred components being lanthanum oxide (lanthana) and 
neodymium oxide (neodymia). In a particularly preferred 
composition, there is lanthana and optionally a minor 
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amount of neodymia in the bottom layer, and neodymia or 
optionally lanthana in the top coat. While these compounds 
are known to act as Stabilizers for the alumina Support, their 
primary purpose in the composition of the present invention 
is to act as reaction promoters for the respective first and 
Second layer compositions. A promoter is considered to be 
a material, which enhances the conversion of a desired 
chemical to another. In a TWC, the promoter enhances the 
catalytic conversion of carbon monoxide and hydrocarbons 
into water and carbon dioxide and nitrogen oxides into 
nitrogen. 

0208. The first and second layers preferably contain 
lanthanum and/or neodymium in the form of their oxides. 
However, these compounds are preferably initially provided 
in a Soluble form Such as an acetate, halide, nitrate, Sulfate 
or the like to impregnate the Solid components for conver 
sion to oxides. It is preferred that in both the top coat and the 
bottom coat that the promoter be in intimate contact with the 
other components in the composition including and particu 
larly the platinum group metal. 
0209 The first layer composition and/or the second layer 
composition of the present invention may contain other 
conventional additives Such as Sulfide Suppressants, e.g., 
nickel or iron components. If nickel oxide is used, an amount 
from about 1% to 25% by weight of the first coat can be 
effective, as disclosed in U.S. Pat. No. 5,057,483 which 
disclosure is hereby incorporated by reference. 
0210 A particularly useful layered catalyst composite of 
the present invention comprises in the first layer (i) from 
about 0.15 g/in3 to about 2.7 g/in3 of the first support; (ii) 
at least about 1 g/ft3 of the first platinum component; (iii) at 
least about 1 g/ft3 of a first platinum group metal component 
other than platinum; (iv) from about 0.025 g/in3 to about 0.7 
g/in3 of a NO Sorbent component Selected from the group 
consisting of alkaline earth metal oxides, alkali metal 
oxides, and rare earth metal oxides; and (v) from about 0.025 
g/in3 to about 0.7 g/in3 of a first Zirconium component. A 
useful layered catalyst composite of the present invention 
comprises in the second layer (i) from about 0.15 g/in3 to 
about 2.7 g/in3 of the second support; (ii) from about 0.3 
g/in3 to about 1.8g/in3 of the SO, sorbent component; (iii) 
at least about 1 g/ft3 of a Second platinum group component; 
(iv) at least about 1 g/ft3 of a second platinum group metal 
component other than platinum; and (v) from about 0.025 
g/in3 to about 0.7 g/in3 of a Second Zirconium component. 
The weight of the platinum component and other platinum 
group metal components are based on the weight of the 
metal. 

0211 The catalyst composite can be coated in layers on 
a monolithic Substrate generally which can comprise from 
about 0.50 g/into about 6.0 g/in, preferably about 1.0 g/in 
to about 5.0 g/in of catalytic composition based on grams of 
composition per Volume of the monolith. 
0212. The catalyst composite of the present invention can 
be made by any suitable method. A preferred method com 
prises mixing a first mixture of a Solution of at least one 
water-Soluble or dispersible, first platinum component and a 
finely-divided, high Surface area, refractory oxide which is 
sufficiently dry to absorb essentially all of the solution. The 
first platinum group metal component other than platinum, 
when used, can be Supported on the same or different 
refractory oxide particles as the platinum component. The 
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first Supported platinum and other components are then 
added to water and preferably comminuted to form the first 
coat (layer) slurry. The first Supported platinum group com 
ponent other than platinum may be comminuted with the 
first Supported platinum component, or Separately and com 
bined with the other components to form the first coat slurry. 
Preferably, the slurry is acidic, having a pH of less than 7 and 
preferably from 3 to 7. The pH is preferably lowered by the 
addition of an acid, preferably acetic acid to the Slurry. In 
particularly preferred embodiments the first coat slurry is 
comminuted to result in Substantially all of the Solids having 
particle sizes of less than 10 micrometers in average diam 
eter. The first coat slurry can be formed into a first layer and 
dried. The first platinum component and optional first plati 
num group metal component other than platinum in the 
resulting first mixture in the first layer are converted to a 
water-insoluble form chemically or by calcining. The first 
layer is preferably calcined, preferably at a temperature of at 
least 250 C. 

0213. A second mixture of a solution of at least one SOX 
Sorbent component capable of Selectively absorbing SO 
over NO and a finely-divided, high Surface area, refractory 
oxide which is sufficiently dried to absorb essentially all of 
the Solution is mixed. The water-Soluble Second platinum 
component and Second platinum group metal component, 
when used, may be Supported on the same or different 
refractory oxide particles as the platinum component. Pref 
erably, rhodium components are Supported on different 
refractory oxide particles other than the platinum compo 
nent. The Supported SOX Sorbent component and other 
components are added to water and are preferably commi 
nuted to form the Second coat slurry. The Supported platinum 
component and Second platinum group metal component 
other than platinum may be comminuted together or Sepa 
rately and then combined with the supported SOX Sorbent 
component and other components to form the Second coat 
Slurry. Preferably, the Second slurry is acidic, having a pH of 
less than 7 and preferably from 3 to 7. The pH is preferably 
lowered by the addition of an acid, preferably nitric acid to 
the Slurry. In particularly preferred embodiments the Second 
coat Slurry is comminuted to result in Substantially all of the 
Solids having particle sizes of less than 10 micrometers in 
average diameter. The Second slurry can be formed into a 
second layer on the first layer and dried. The SO, sorbent 
component, Second platinum component, and Second plati 
num group metal component other than platinum in the 
resulting Second coat mixture can be converted to insoluble 
form chemically or by calcining. The Second layer is pref 
erably then calcined, preferably at a temperature of least 
250° C. 

0214) Alternatively, each layer of the present composite 
can also be prepared by the method disclosed in U.S. Pat. 
No. 4,134,860 (incorporated by reference). 
0215. In order to deposit the first and second coat slurries 
on a macrosized carrier, one or more comminuted Slurries 
are applied to the carrier in any desired manner. Thus the 
carrier may be dipped one or more times in the Slurry, with 
intermediate drying if desired, until the appropriate amount 
of Slurry is on the carrier. The Slurry employed in depositing 
the catalytically-promoting metal component-high area Sup 
port composite on the carrier will often contain about 20% 
to 60% by weight of finely-divided solids, preferably about 
25% to 55% by weight. 
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0216) The first layer composition of the present invention 
and Second layer composition of the present invention can 
be prepared and applied to a Suitable Substrate, preferably a 
metal or ceramic honeycomb carrier. The comminuted cata 
lytically-promoting metal component-high Surface area Sup 
port composite can be deposited on the carrier in a desired 
amount, for example, the composite may comprise about 2% 
to 40% by weight of the coated carrier, and is preferably 
about 5% to 30% by weight for a typical ceramic honey 
comb Structure. The composite deposited on the carrier is 
generally formed as a coating over most, if not all, of the 
Surfaces of the carrier contacted. The combined Structure 
may be dried and calcined, preferably at a temperature of at 
least about 250 C. but not so high as to unduly destroy the 
high area of the refractory oxide Support, unless Such is 
desired in a given Situation. 
0217. The carriers useful for the catalysts made by this 
invention may be metallic in nature and be composed of one 
or more metals or metal alloys. The metallic carriers may be 
in various shapes Such as corrugated sheet or in monolithic 
form. Preferred metallic Supports include the heat-resistant, 
base-metal alloys, especially those in which iron is a Sub 
Stantial or major component. Such alloys may contain one or 
more of nickel, chromium, and aluminum, and the total of 
these metals may advantageously comprise at least about 
15% by weight of the alloy, for instance, about 10% to 25% 
by weight of chromium, about 3% to 8% by weight of 
aluminum and up to about 20% by weight of nickel, Say at 
least about 1% by weight of nickel, if any or more than a 
trace amount be present. The preferred alloys may contain 
Small or trace amounts of one or more other metals Such as 
manganese, copper, Vanadium, titanium and the like. The 
Surfaces of the metal carriers may be oxidized at quite 
elevated temperatures, e.g. at least about 500 C., to improve 
the corrosion resistance of the alloy by forming an oxide 
layer on the Surface of carrier which is greater in thickneSS 
and of higher Surface area than that resulting from ambient 
temperature oxidation. The provision of the oxidized or 
extended Surface on the alloy carrier by high temperature 
oxidation may enhance the adherence of the refractory oxide 
Support and catalytically-promoting metal components to 
the carrier. 

0218. Any suitable carrier may be employed, such as a 
monolithic carrier of the type having a plurality of fine, 
parallel gas flow passages extending therethrough from an 
inlet or an outlet face of the carrier, So that the passages are 
open to fluid flow therethrough. The passages, which are 
essentially straight from their fluid inlet to their fluid outlet, 
are defined by walls on which the catalytic material is coated 
as a “washcoat' So that the gases flowing through the 
passages contact the catalytic material. The flow passages of 
the monolithic carrier are thin-walled channels, which can 
be of any Suitable cross-sectional shape and Size Such as 
trapezoidal, rectangular, Square, sinusoidal, hexagonal, Oval, 
or circular. Such structures may contain from about 60 to 
about 600 or more gas inlet openings (“cells') per Square 
inch of croSS Section. The ceramic carrier may be made of 
any Suitable refractory material, for example, cordierite, 
cordierite-alpha alumina, Silicon nitride, Zircon mullite, Spo 
dumene, alumina-Silica magnesia, Zircon Silicate, Silliman 
ite, magnesium Silicates, Zircon, petalite, alpha alumina and 
aluminosilicates. The metallic honeycomb may be made of 
a refractory metal Such as a stainleSS Steel or other Suitable 
iron based corrosion resistant alloyS. 
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0219. Such monolithic carriers may contain up to about 
700 or more flow channels (“cells”) per square inch of cross 
Section, although far fewer may be used. For example, the 
carrier may have from about 60 to 600, more usually from 
about 200 to 400, cells per square inch (“cpsi'). 
0220. The discrete form and second coats of catalytic 
material, conventionally referred to as “washcoats', are 
coated onto a Suitable carrier with, preferably, the first coat 
adhered to the carrier and the Second coat overlying and 
adhering to the first coat. With this arrangement, the gas 
being contacted with the catalyst, e.g., being flowed through 
the passageways of the catalytic material-coated carrier, will 
first contact the Second or top coat and pass therethrough in 
order to contact the underlying bottom or first coat. How 
ever, in an alternative configuration, the Second coat need 
not overlie the first coat but may be provided on an upstream 
(as Sensed in the direction of gas flow through the catalyst 
composition) portion of the carrier, with the first coat 
provided on a downstream portion of the carrier. Thus, to 
apply the washcoat in this configuration, an upstream lon 
gitudinal Segment only of the carrier would be dipped into 
a slurry of the Second coat catalytic material, and dried, and 
the unclipped downstream longitudinal Segment of the car 
rier would then be dipped into a slurry of the first coat 
catalytic material and dried. 
0221 Alternatively, Separate carriers may be used, one 
carrier on which the first coat is deposited and a Second 
carrier on which the Second coat is deposited, and then the 
two separate carriers may be positioned within a canister or 
other holding device and arranged So that the exhaust gas to 
be treated is flowed in series first through the catalyst 
containing the Second coat and then through the catalyst 
containing the first coat thereon. However, as indicated 
above, it is preferred to utilize a catalyst composition in 
which the Second coat overlies and adheres to the first coat 
because Such configuration is believed both to simplify 
production of the catalyst composition and to enhance its 
efficacy. 
0222 AS set out above, the present invention is directed 
to a Substrate, preferably a honeycomb comprising a plural 
ity of channels defined by the honeycomb walls. The chan 
nels, and wall elements are parallel and typically axial to the 
axis of the substrate. The honeycomb has an inlet end or 
upstream Section and an outlet end or downstream Section, 
with at least Some of the channels having a corresponding 
inlet and outlet. There is a first inlet layer located on the 
walls and extending for at least part of the length from the 
inlet end toward the outlet end to an inlet layer axial end. 
The first inlet layer extends for only part of the length from 
the inlet end toward the outlet end. The inlet layer comprises 
a first inlet composition, which has been described above. 
The first inlet layer is coated by a method comprising the 
Steps of passing a fluid containing the first inlet composition 
into the inlet end of the Substrate to form the first inlet layer, 
and then applying a vacuum to the outlet end while forcing 
a heated gas Stream through the channels from the inlet end 
without Significantly changing the length of the first inlet 
layer. In certain embodiments, one or more layers can be 
applied over the entire channel length by conventional 
methods and used in combination with the method of the 
present invention. 
0223) In a specific and preferred embodiment there can 
be a Second inlet layer located on the walls and extending for 
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at least part of the length from the inlet end toward the outlet 
end to a Second layer axial end. The Second inlet layer can 
be supported directly or indirectly on the first inlet layer for 
at least part of the length of the first inlet layer. The second 
layer comprises a Second inlet composition, which has been 
described above. The second inlet layer is coated by a 
method comprising the Steps of passing a fluid containing 
the Second inlet composition into the inlet end of the 
Substrate to form the inlet layer and applying a vacuum to 
the outlet end while forcing a heated gas Stream through the 
channels from the inlet end without significantly changing 
the length of the Second inlet layer. 
0224. In another specific embodiment there can be a first 
outlet layer located on the walls and extending for at least 
part of the length from the outlet end toward the inlet end to 
an outlet layer axial end. The first outlet layer extends for 
only part of the length from the outlet end toward the inlet 
end. The outlet layer comprises a first outlet composition. 
The first outlet layer is coated by a method which comprises 
the Steps of passing a fluid containing the first outlet com 
position into the outlet end of the substrate to form the first 
outlet layer and applying a vacuum to the outlet end while 
forcing a heated gas Stream through the channels from the 
outlet end without Significantly changing the length of the 
first outlet layer. 
0225. Another embodiment comprises a second outlet 
layer located on the walls and extending for at least part of 
the length from the outlet end toward the inlet end to a 
Second layer axial end. The Second layer can be Supported 
directly or indirectly on the first outlet layer for at least part 
of the length of the first outlet layer. The second layer 
comprises a Second outlet composition. The Second outlet 
layer is coated by a method comprising the Steps of passing 
a fluid containing the Second outlet composition into the 
outlet end of the substrate to form the outlet layer, and then 
applying a vacuum to the outlet end while forcing a heated 
gas Stream through the channels from the outlet end without 
Significantly changing the length of the Second outlet layer. 
In each of the embodiments, for the various layers including 
the first inlet layer and Second inlet layer, and the first outlet 
layer and Second outlet layer the heated gas is preferably air 
but can be any Suitable gas Such as nitrogen. The tempera 
ture of the heated gas is preferably from about 75 C. to 
about 400° C. The temperature of the heated gas is prefer 
ably from 75° C. to 200° C. to dry the various layers. The 
temperature of the heated gas is preferably from 200 C. to 
400 C. to fix the precious metal component of the various 
layers. The heated gas is passed over the layers for a 
Sufficient time to dry as to fix the precious metal of com 
positions of the various layers. 
0226 Structurally, the architecture of the layers can vary 
as desired. For example at least a portion of the first or 
Second inlet layers over laps with at least one of the first or 
Second outlet layers. A Zone can also have a continuous 
gradient of material concentration verSuS-layer thickness. 
Preferably the Substrate has at least two adjacent Zones, a 
first Zone and a Second Zone, each extending axially along 
the length of conduit. The first Zone can extend from the inlet 
and the Second or outlet Zone extends from the outlet along 
a separate length of the conduit than the first Zone with each 
Zone comprising the Same catalyst architecture within the 
Zone. The adjacent Zones have different compositions and/or 
architecture. In a specific embodiment at least one layer of 
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the first Zone, and at least one layer of the Second Zone 
overlap to form an intermediate Zone between the first Zone 
and the Second Zone. There can be at least three Zones, or 
there can be an uncoated Zone between the first Zone and the 
Second Zone. 

0227. The substrate can comprise a monolithic honey 
comb comprising a plurality of parallel channels extending 
from the inlet to the outlet. The monolith can be selected 
from the group of ceramic monoliths and metallic mono 
liths. The honeycomb can be Selected from the group 
comprising flow through monoliths and wall flow monoliths. 

0228. In specific embodiments the composition of the 
layers can include the recited precious metals. At least one 
layer can contain no precious metal component. A preferred 
article comprises an inlet layer and an outlet layer. The inlet 
composition comprises a first inlet refractory oxide compo 
Sition or composite comprising a first inlet refractory oxide 
Selected from the group consisting of alumina, titania, 
Zirconia and Silica, a first inlet rare earth metal oxide and a 
first inlet precious metal component. The outlet layer com 
prises an outlet composition, which comprises an outlet 
refractory oxide composition or composite comprising an 
outlet refractory oxide Selected from the group consisting of 
alumina, titania, Zirconia and Silica, an outlet rare earth 
metal oxide and at least one outlet precious metal compo 
nent. 

0229. The present invention includes a method compris 
ing passing an inlet end fluid comprising an inlet end coating 
composition into a Substrate as recited above. For the 
purpose of the present invention a fluid includes liquids, 
Slurries, Solutions, Suspensions and the like. The aqueous 
liquid passes into the channel inlets and extending for at 
least part of the length from the inlet end toward the outlet 
end to form an inlet end layer coating, with at least one inlet 
end coating extending for only part of the length from the 
inlet end toward the outlet end. A vacuum is applied to the 
outlet end while forcing a gas Stream through the channels 
from the inlet end after the formation of each inlet end 
coating without significantly changing the length of each 
inlet layer coating. At least one outlet end aqueous fluid 
comprising at least one outlet end coating composition is 
passed into the Substrate through the at least Some of the 
channel outlets at the Substrate outlet end. The aqueous 
liquid passes into the channels and extending for at least part 
of the length from the outlet end toward the inlet end to form 
at least one outlet end layer coating. The method can further 
comprise applying a vacuum to the inlet end while forcing 
a gas Stream through the channels from the outlet end after 
the formation of each outlet end coating without signifi 
cantly changing the length of each outlet layer coating. 

0230. The method can further comprise the step of fixing 
the precious metal component Selected from the inlet pre 
cious metal component of the inlet layer and the outlet 
precious metal component of the outlet layer to the respec 
tive inlet or outlet component Selected from the inlet refrac 
tory oxide and inlet rare earth metal oxide components and 
the outlet refractory oxide and outlet rare earth metal oxide 
components. The fixing can be conducted prior to coating 
the inlet and outlet layers. The Step of fixing can comprise 
chemically fixing the precious metal component on the 
respective refractory oxide and/or rare earth metal oxide. 
Alternatively, the Step of fixing can comprise thermally 
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treating the precious metal component on the respective 
refractory oxide and/or rare earth metal oxide. The Step of 
fixing comprises calcining the precious metal component on 
the respective refractory oxide and/or rare earth metal oxide. 
The step of calcining can be conducted at from 200 C., 
preferably 250° C. to 900° C. at from 0.1 to 10 hours. The 
Steps of thermally fixing each layer are preferably conducted 
after coating and prior to coating a Subsequent layer. The 
Step of thermally treating the Substrate upon completion of 
coating all layers at from 200 C. to 400° C. at from 1 to 10 
Seconds. The Steps of calcining are preferably the Substrate 
conducted upon completion of coating all layers. The Step of 
calcining is conducted at from 250 C. to 900 C. at from 0.1 
to 10 hours. 

0231. The honeycomb has different Zones along the 
length of the channels. The wall in the different Zones can be 
uncoated or coated with different catalyst compositions or 
architectures. The term “architecture' is used to mean the 
physical design of the coating in a Zone considering param 
eterS Such as the number of layers of coating compositions, 
the thickness of the layers, and the order of layers where 
there are more than one layer. The Zones are defined by their 
coating (or lack of coating) and extend for a length of the 
channel in which there is the same coating and architecture. 
For example, a two layered catalyst coating defines a Zone 
until it bounds with an adjacent Zone having different 
compositions or different numbers of layers. Nonadjacent 
Zones can have the same architecture and compositions. An 
advancement of the present invention is that Soluble com 
ponents in coating compositions are fixed in their respective 
Zones. For example, precious metal, which may be present, 
is fixed in its respective Zone and even layer within a Zone. 
In this way, a single monolithic honeycomb can be multi 
functional with a minimum and preferably no migration of 
precious metal components from Zone to Zone, particularly 
during the process of manufacture. The terms “fixed' and 
“Segregated” shall mean that components within a Zone, and 
within a layer within a Zone remain within the Zone with a 
minimum and preferably no migration or diffusion during 
the processing to manufacture the catalyzed Substrate. An 
advancement of the monolith of the present invention is that 
there is a minimum of migration precious metal from one 
Zone to another, even where a composition from one Zone 
overlaps with the composition in another Zone. 
0232 The inlet Zone preferably comprises an inlet com 
position comprising at least one inlet refractory oxide com 
position or composite comprising a first refractory oxide 
Selected from the group consisting of alumina, titania, 
Zirconia, Silica, an inlet rare earth metal oxide, a molecular 
Sieve Such as a Zeolite and a first precious metal component, 
and the Second or outlet Zone comprises an outlet compo 
Sition comprising at least one outlet refractory oxide com 
position or composite comprising an outlet refractory oxide 
Selected from the group consisting of alumina, titania, 
Zirconia, and Silica, a rare earth metal oxide, a molecular 
Sieve Such as a Zeolite and at least one Second precious metal 
component. The first precious metal component can be fixed 
to the first refractory oxide composition and the first rare 
earth metal oxide. The Second precious metal component 
can be fixed to one of the Second refractory oxide compo 
Sition and the Second rare earth metal oxide. The first 
precious metal is in the first layer Segregated from the 
Second layer and the Second precious metal is in the Second 
layer Segregated from the first layer. Where there is more 
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than one layer, e.g. Sublayers, in a Zone, preferably the 
precious metal in a layer remains Segregated within that 
layer. 

0233 Preferably, the precious metal can be prefixed on 
the Supports. Alternatively the method further comprises 
fixing the Soluble components in the layer Such as one 
precious metal component Selected from the first precious 
metal component of the inlet layer and the Second precious 
metal component of the outlet layer to one of the respective 
first or Second component Selected from the first refractory 
oxide and first rare earth metal oxide components, and the 
Second refractory oxide and Second rare earth metal oxide 
components, the fixing being conducted prior to coating the 
inlet and outlet layers. The Step of fixing can comprise 
chemically fixing the precious metal on the respective 
refractory oxide and/or rare earth metal oxide. More pref 
erably, the Step of fixing comprises thermally treating the 
precious metal on the respective refractory oxide and/or rare 
earth metal oxide. The Step of thermally treating the Sub 
Strate upon completion of coating one or more layers at from 
200° C. to 400° C. at from 1 to 10, and preferably 2 to 6 
Seconds. The heat is provided by forcing a gas Stream, 
preferably air that is heated to from 200° C. to 400° C. This 
temperature range has been found to Substantially fix the 
Soluble components Such as precious metal components. 
The combination of flow rate and temperature of the gas 
Stream should be Sufficient to heat the coating layer and 
preferably, providing a minimum of heat to the underlying 
Substrate to enable rapid cooling in the Subsequent cooling 
Step prior to application of Subsequent layers. Preferably, the 
steps of thermally fixing each layer, preferably followed by 
cooling with ambient air, are conducted after coating and 
prior to coating a Subsequent layer. The cooling Step is 
preferably conducted using ambient air typically at from 5 
C. to 40 C. at from 2 to 20, and preferably 4 to 10 seconds 
at a Suitable flow rate. The combination of the ambient air 
flow rate and temperature of the gas Stream should be 
Sufficient to cool the coating layer. This method permits 
continuous coating of a plurality of layers on a Substrate to 
form the above described article of the present invention. 
0234. A preferred method comprises the step of fixing the 
precious metal component Selected from the first precious 
metal component of the first layer and the Second precious 
metal component of the Second layer to the respective first 
or Second component Selected from the first refractory oxide 
and first rare earth metal oxide components, and the Second 
refractory oxide and Second rare earth metal oxide compo 
nents, the fixing being conducted prior to coating the first 
and Second layers. 

0235. In yet another embodiment the method comprises 
the Step of applying a vacuum to the partially immersed 
Substrate at an intensity and a time Sufficient to draw the 
coating media upwardly to a predesignated distance from the 
bath into each of the channels to form a uniform coating 
profile therein for each immersion Step. Optionally, and 
preferably the Substrate can be turned over to repeat the 
coating proceSS from the opposite end with the Second 
composition. The coated substrate should be thermally fixed 
after forming the inlet layer, and after turning the Substrate 
over and forming the outlet layer. 

0236. The method can include a final calcining step. This 
can be conducted in an oven between coating layerS or after 
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the coating of all the layers on the Substrate has been 
completed. The calcining can be conducted at from 250 C. 
to 900° C. at from 0.1 to 10 hours and preferably from 450° 
C. to 750° C. at from at from 0.5 to 2 hours. After the coating 
of all layerS is complete the Substrate can be calcined. 
0237) The following detailed description relates to a 
preferred embodiment in which the various components of 
the catalyst material according to the present invention are 
divided into two distinct coats. It will be understood, how 
ever, that the present invention includes embodiments in 
which the first layer composition and Second layer compo 
Sition may be incorporated into a single washcoat consisting 
of discrete particles of each composition. 
0238. The First, Bottom, or Upstream Layer 
0239). The first layer composition comprising a first Sup 
port and a first platinum component provides a three-way 
conversion catalyst having the ability to Simultaneously 
catalyze the oxidation of hydrocarbons and carbon monox 
ide and the reduction of nitrogen oxides. The first platinum 
metal component is very effective for hydrocarbon conver 
Sion. The first activated alumina Support in the first layer 
may be present in an amount from about 0.15 g/in to 2.0 
g/in. It is desirable to have a high concentration (e.g., 
greater than 4% by wt) platinum Supported on the alumina. 
It is found that high concentration of platinum on alumina 
Support appears to exhibit higher hydrocarbon conversion in 
the first layer composition. The amount of platinum present 
in the first layer is at least 1 g/ft. 
0240 The first layer composition may optionally com 
prise a NO Sorbent component Selected from the group 
consisting of alkaline earth metal components, alkali metal 
components, and rare earth metal components. Preferably, 
the NO. Sorbent component is Selected from the group 
consisting of oxides of calcium, Strontium, and barium, 
oxides of potassium, Sodium, lithium, and cesium, and 
oxides of cerium, lanthanum, praseodymium, and neody 
mium. 

0241 The first layer composition may optionally com 
prise a first platinum group metal component other than 
platinum which may be Selected from the group consisting 
of palladium, rhodium, ruthenium, and iridium components. 
The preferred additional platinum group metal component in 
the first layer is Selected from the group consisting of 
palladium, rhodium, and mixtures thereof. 
0242. The stabilizers and promoters are believed to sta 
bilize and promote both the washcoat composition and 
platinum activity. The alkaline earth metal oxide and Zirco 
nia stabilizer are preferably from about 0.025 g/in to 0.5 
g/in respectively. The rare earth metal oxide promoters are 
preferably from 0.025 g/in to 0.50 g/in respectively. 
0243 It is advantageous to incorporate a bulk fine par 
ticulate material of co-formed rare earth oxide-Zirconia 
composite, e.g., ceria-Zirconia and/or ceria-neodymia-Zirco 
nia composition as an additional catalytic promoter as 
described in U.S. Pat. No. 5,057,483. These particles do not 
react with the Stabilized alumina washcoat and maintain a 
BET surface area of about 40 m /g upon exposure to 900 
C. for a long period of time. Neodymia, if present in the 
composite is preferably from 0 to 10 wt % of the total weight 
of the composite. The rare earth oxide-Zirconia particles, if 
present, are preferably from 0.1 g/in to 2.0 g/in of the 
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finished catalyst composition. It is desirable to include a HS 
Suppressor metal oxide in the first layer composition. For 
example, NiO in a particulate form may be present in an 
quantity from 0.025 g/in to 0.5 g/in. The first layer may 
also contain other components useful as components of a 
washcoat, including a Supplementary refractory metal oxide 
Such as cordierite to enhance washcoat physical properties. 
0244. In the preparation of the first (bottom) layer, plati 
num Supported on alumina is ball milled with additional 
components for a suitable time to obtain 90% of the particles 
having a particle size of less than about 20, preferably leSS 
than 10 and most preferably from 5 to 10 microns. In 
addition to the platinum Supported alumina, other compo 
nents of the first layer composition can be added to the ball 
mill including the NO. Sorbent component, Stabilizers, and 
promoters. There can be included the particulate composite 
of Zirconia and rare earth oxide. The ball milled composition 
is then combined with a nickel oxide compound as well as 
recycled milled honeycomb. This first layer composition can 
be combined as a slurry with a suitable vehicle, preferably 
water, in an amount from 20 to 60% solid and preferably 25 
to 55%. Solid. 

0245. The Second, Top, or Downstream Layer 
0246 The Second layer composition comprises a second 
Support and a SO Sorbent component having a free energy 
of formation from about 0 to about -90 Kcal/mole, prefer 
ably from about 0 to about -60 Kcal/mole, and more 
preferably from about -30 to about -55 Kcal/mole at 350° 
C. The second layer is a sulfur oxide absorbing layer before 
the nitrogen oxide absorbing first layer. The Sulfur oxide 
absorbing layer selectively and reversibly absorbs sulfur 
oxides over nitrogen oxides and alleviates Sulfur oxide 
poisoning of the nitrogen oxide trap. 

0247. Nonlimiting illustrative examples of SO, sorbent 
components may be selected from the group consisting of 
oxides and aluminum oxides of lithium, magnesium, cal 
cium, manganese, iron, cobalt, nickel, copper, Zinc, and 
silver. Preferably, the SO, sorbent component is selected 
from the group consisting of MgO, MgAl-O, MnO, MnO, 
and LiO. More preferably, the SO Sorbent component is 
Selected from the group consisting of MgO and LiO. 
0248. The second layer may optionally comprise a sec 
ond platinum component to facilitate NO/SO oxidization 
and NO/SO decomposition and reduction and optionally at 
least one Second platinum group metal component other than 
platinum which may be Selected from the group consisting 
of palladium, rhodium, ruthenium, and iridium components. 
The preferred Second platinum group metal component in 
the Second layer is Selected from the group consisting of 
palladium, rhodium, and mixtures thereof. 

0249. The second activated alumina Support in the sec 
ond-layer may be present in an amount from about 0.15 g/in 
to 2.0 g/in. It is preferred that the platinum supported on the 
alumina have a relatively high concentration (e.g., greater 
than 3 wt %). The amount of platinum in the second layer is 
at least 1 g/ft. The alkaline earth metal oxide, preferably 
Strontium and Zirconia components are preferably in an 
amount from about 0.025 g/in to 0.50 g/in respectively. 
The rare earth metal oxide promoters (neodymia and/or 
lanthana) are preferably in an amount from 0.025 g/in to 
0.50 g/in respectively. Optionally, the bulk fine particulate 
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material of co-formed rare earth oxide-Zirconia composite as 
described in the first layer composition may be added to the 
Second layer composition. 

0250) A second layer composition is formed by combin 
ing a SO, Sorbent component capable of Selectively absorb 
ing SO over NO Solution, dispersed on a refractory inor 
ganic oxide Support, preferably alumina. This combination 
with the Second Stabilizer which can include Zirconia 
hydroxide and optionally a particulate composite compris 
ing Zirconia and rare earth oxides as described above, 
preferably Zirconia in combination with ceria optionally 
containing neodymia and/or lanthana. This combination is 
combined with a Suitable vehicle Such as water to result in 
a composition comprising 45% solids which is ball milled to 
obtain particles of less than 25 microns, preferably less than 
15 microns and typically from 5 to 10 microns. At this point 
Stabilizing components Such as Strontium nitrate and pro 
moting components including neodymium and/or lanthanum 
nitrate are added and the composition milled for up to 30 
minutes. This results in a slurry having from 20 to 50% 
solids and a viscosity of from 50 to 80 centipores. 

0251 A carrier such as those described above, i.e., a 
cordierite monolith, is first dipped into the first washcoat 
with a target layering of from about 0.5 to 3.0 grams per 
cubic inch (“g/in) of carrier. The carrier is then dried in air 
at from about 100° C. to 120° C. until dry, and is then 
calcined in air at from about 400° C. to 600 C. for a period 
of from 0.25 to 2 hours. The carrier is then dipped into the 
Second washcoat with a target coating weight (including 
bottom layer) of from about 1.0 to 5.0 g/in of the carrier, is 
then dried in air at from about 100° C. to 120° C. and 
calcined in air at from about 400° C. to 600 C. for about 
0.25 to 2 hours. 

0252) The catalytic compositions made by the present 
invention can be employed to promote chemical reactions, 
Such as reductions, methanations and especially the oxida 
tion of carbonaceous materials, e.g., carbon monoxide, 
hydrocarbons, oxygen-containing organic compounds, and 
the like, to products having a higher weight percentage of 
oxygen per molecule Such as intermediate oxidation prod 
ucts, carbon dioxide and water, the latter two materials being 
relatively innocuous materials from an air pollution Stand 
point. Advantageously, the catalytic compositions can be 
used to provide removal from gaseous exhaust effluents of 
uncombusted or partially combusted carbonaceous fuel 
components Such as carbon monoxide, hydrocarbons, and 
intermediate oxidation products composed primarily of car 
bon, hydrogen and oxygen, or nitrogen oxides. Although 
Some oxidation or reduction reactions may occur at rela 
tively low temperatures, they are often conducted at elevated 
temperatures of, for instance, at least about 100 C., typi 
cally about 150° C. to 900° C., and generally with the 
feedstock in the vapor phase. The materials, which are 
Subject to oxidation generally, contain carbon, and may, 
therefore, be termed carbonaceous, whether they are organic 
or inorganic in nature. The catalysts are thus useful in 
promoting the oxidation of hydrocarbons, oxygen-contain 
ing organic components, and carbon monoxide, and the 
reduction of nitrogen oxides. 

0253) These types of materials may be present in exhaust 
gases from the combustion of carbonaceous fuels, and the 
catalysts are useful in promoting the Oxidation or reduction 
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of materials in Such effluents. The exhaust from internal 
combustion engines operating on hydrocarbon fuels, as well 
as other waste gases, can be oxidized by contact with the 
catalyst and molecular oxygen which may be present in the 
gas Stream as part of the effluent, or may be added as air or 
other desired form having a greater or lesser oxygen con 
centration. The products from the oxidation contain a greater 
weight ratio of oxygen to carbon than in the feed material 
Subjected to oxidation. Many Such reaction Systems are 
known in the art. 

0254. A method aspect of the present invention provides 
a method for treating a gas containing noxious components 
comprising one or more of carbon monoxide, hydrocarbons 
and nitrogen oxides, by converting at least Some of each of 
the noxious components initially present to innocuous Sub 
stances Such as water, carbon dioxide and nitrogen. The 
method comprises the Step of contacting the gas under 
conversion conditions (e.g., a temperature of about 100 C. 
to 950° C. of the inlet gas to the catalyst composition) with 
a catalyst composition as described above. 
0255 The present invention is illustrated further by the 
following examples, which are not intended to limit the 
Scope of this invention. 

EXAMPLE 1. 

0256 These examples illustrates the preparation of a 
layered catalyst composite in accord with the present inven 
tion. A layered catalyst composite designated L-118 was 
prepared having the composition Set out below. 

0257 L-118 First (Bottom) Layer: 
0258. In a planetary mixer, 44 parts of gamma-alumina 
was impregnated with 0.83 parts of Pt. Pt was introduced as 
conventional Pt aqueous Solution with the dilution to reach 
incipient wetness of alumina. After drying the Pt-impreg 
nated alumina (Pt-Al) at 120° C. for min. 2 hrs, 1.85 parts 
of Pd was added in the form of Pd aqueous solution with the 
dilution to reach incipient wetness of Pt-alumina. The Pd/Pt 
containing alumina powder was combined with 14 parts of 
Ba(OH), sufficient DI-water, and 2% of acetic acid to make 
a slurry of 27% solid content before proceeding to milling. 
The milling was conducted until the particle size distribution 
showed 90% of particles become less than 10 um. All 
calculations were based on metal oxide basis except pre 
cious metals, which were based on metal weight basis. 
0259. After milling, the following components were 
added to the slurry: 6 parts of Ba(OAc), 10 parts Mn(OAc) 
2, 23.2 parts of composite of La/Ce=3/7 oxide, and 1.96 
parts of ZrO(OAc) 2, and sufficiently shear mixed. Addi 
tional milling of 10 minutes was exercised to promote better 
mixing and to break down aggregates. The final Slurry was 
coated onto ceramic honeycomb with 400 cell per Square 
inch (CPSI) and with 6.5 mils wall thickness. The coating 
was performed by dipping the Substrate into the Slurry, 
draining the slurry, and followed by blowing off the exces 
Sive Slurry with the compress air. The coated honeycomb 
was dried at 110° C. for 4 hrs and calcined at 550° C. for 2 
hrs. 

0260 L-118 Second (Top) Layer: 
0261 0.31 parts of Rh was introduced into 19.2 parts of 
g-alumina, and 0.76 parts of Pt was added into 38.5 parts of 
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C.-alumina, each in an aqueous Solution form diluted just 
enough to fill all the pores. 30.2 parts of stabilized Ce-Zr 
compound (a 70%. CeO2 containing Ce-Zr composite) and 
5.5 parts of Ba(OH) were added to the Pt-containing 
alumina and combined with Sufficient DI-water and with 2% 
acetic acid, and milled to the particle size distribution 
showed 90% of particles become less than 9 um. 2.75 parts 
each of Ba(OAc) and ZrO(OAc) 2 was added to Rh 
containing alumina and milled as the same way as that of 
Pt-alumina. The milled slurries were shear mixed together 
and milled for additional 10 minutes. The final Pt/Rh-slurry 
was coated onto ceramic honeycomb on which Pt/Pd first 
layer mentioned above was already coated, and, was dried at 
110° C. for 4 hrs and followed by calcination at 430° C. for 
2 hrs. 

EXAMPLE 2 

M-118 

0262 M-118 First (Bottom) Layer: 
0263. In a planetary mixer, 43.1 parts of gamma-alumina 
was impregnated with 0.82 parts of Pt. Pt was introduced as 
conventional Pt aqueous Solution with the dilution to reach 
incipient wetness of alumina. After drying the Pt-impreg 
nated alumina (P-Al) at 120° C. for 2 hrs, 1.81 parts of Pd 
was added in the form of Pd aqueous solution with the 
dilution to reach incipient wetness of Pt-alumina. The Pd/Pt 
containing alumina powder was combined with DI-water 
and 2% of acetic acid to make a slurry of 30% solid content 
before proceeding to milling. The milling was conducted 
until the particle size distribution showed 90% of particles 
become less than 10 um. 

0264. The milled slurry have the following materials 
added: 5.9 parts of Ba(OAc), 13.7 parts of Ba(OH), 9.8 
parts of Mn(OAc), 22.7 parts of composite of La/Ce 
oxide=3/7, and 1.96 parts of ZrO(OAc), and sufficiently 
Shear mixed. Additional milling of 10 minutes was exercised 
to promote better mixing and to break down aggregates. The 
final slurry was coated onto ceramic honeycomb with 400 
cell per square inch (CPSI) and with 6.5 mils wall thickness. 
The coating was performed by dipping the Substrate into the 
slurry, draining the slurry, and followed by blowing off the 
excessive slurry by the compress air. The coated honeycomb 
was dried at 110° C. for 4 hrs and calcined at 550° C. for 2 
hrs. 

0265 M-118 Second (Top) Layer: 
0266 1.4 parts of Rh was introduced into 79.1 parts of 
g-alumina and with 7.3 parts of stabilized Ce-Zr com 
pound (a 10%. CeO2 containing Ce-Zr composite) in an 
aqueous Solution form diluted just enough to fill all the pores 
of both components. The Rh-containing powder was com 
bined with Sufficient DI-water and with 2% acetic acid, and 
milled to the particle size distribution showed 90% of 
particles become less than 10 um. 12.2 parts hydrotalcite 
MgAlO, was added to the milled slurry and shear mixed 
and milled for additional 10 minutes. The final Rh-slurry 
was coated onto ceramic honeycomb, which has already 
coated with Pt/Pd first layer mentioned above, and, was 
dried at 110° C. for 4 hrs and followed by calcination at 430 
C. for 2 hrs. 
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EXAMPLE 3 

M-531 

0267 M-531 First (Undercoat) Layer: 
0268. In a planetary mixer, 31.4 parts of gamma-alumina 
was impregnated with 0.6 parts of Pt. Pt was introduced as 
conventional Pt aqueous Solution with the dilution to reach 
incipient wetness of alumina. After drying the Pt-impreg 
nated alumina (Pt-Al) at 120° C. for min. 2 hrs, 1.32 parts 
of Pd was added in the form of Pd aqueous solution with the 
dilution to reach incipient wetness of Pt-alumina. The Pd/Pt 
containing alumina powder was combined with 3.8 parts of 
Ba(OAc) and with sufficient DI-water, and 2% of acetic 
acid to make a slurry of approximately 39% solid content 
before proceeding to milling. The milling was conducted 
until the particle size distribution showed 90% of particles 
become less than 13 um. 

0269. After milling, 31.4 parts of a Ce/K=7/3 solid com 
ponent, a 31.4 parts of Ce/CS=7/3 solid component were 
added to the slurry. The slurry was sufficiently shear mixed 
and milled again until the particle size distribution showed 
90% of particles become less than 8 um. The final slurry was 
coated onto ceramic honeycomb with 400 CPSI and with 4 
mils wall thickness. The coating was performed by dipping 
the Substrate into the slurry, draining the Slurry, and followed 
by blowing off the excessive slurry with the compress air. 
The coated honeycomb was dried at 110° C. for 4 hrs and 
calcined at 550° C. for 2 hrs. 

0270 M-531 Second (Bottom) Layer: 
0271 All procedures and relative quantity of each com 
ponent used followed the first layer of example one L-118. 
The net washcoat gain is 80% of example-1. 

0272 M-531 Third (Middle) Layer: 
0273. In a planetary mixer, 35 parts of gamma-alumina 
was impregnated with 0.66 parts of Pt. After drying the 
Pt-impregnated alumina (Pt-Al) at 120° C. for min. 2 hrs, 
1.48 parts of Pd was added in the form of Pd acqueous 
Solution with the dilution to reach incipient wetness of 
Pt-alumina. The Pd/Pt containing alumina powder was com 
bined with 2.6 parts of Ba(OAc), 7.7 parts of Ba(OH), and 
sufficient DI-water, and 2% of acetic acid to make a slurry 
of 37% solid content before proceeding to milling. The 
milling was conducted until the particle size distribution 
showed 90% of particles become less than 16 um. After 
milling, 10.2 parts of a Mg(OAc), and 2.6 parts of 
ZrO(OAc), was added to the slurry. The slurry was suffi 
ciently shear mixed and milled again until the particle size 
distribution showed 90% of particles become less than 14 
U. 

0274 0.3 part of Rh was introduced into 16.6 parts of 
g-alumina to the incipient wetness. The Rh-containing alu 
mina was combined with 23 parts of stabilized Ce-Zr 
composite (a 10%. CeO2 containing Ce-Zr composite) and 
with above mentioned Pt/Pd-containing slurry, and milled to 
the particle size distribution showed 90% of particles 
become less than 10 um. The final Pt/Pd/Rh-containing 
Slurry was coated onto ceramic honeycomb on which two 
previous layers were coated, and, was dried at 110° C. for 4 
hrs and followed by calcination at 550 C. for 2 hrs. 
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0275 M-531 Fourth (Top) Layer: 
0276. In a planetary mixer, 12 parts of MgAl-O, 
obtained from calcining hydrotalcite at 750° C. for one hour, 
was impregnated with 0.2 parts of Pt to the incipient 
wetness. In another planetary mixer, 78.7 parts of gamma 
alumina was impregnated with 1.4 parts of Rh to the 
incipient wetness. Both Rh- and Pt-containing powders were 
combined with Sufficient DI-water and with 2% acetic acid, 
and milled to the particle size distribution showed 90% of 
particles become less than 12 um. Then, the milled slurry 
was introduced with 7.7 parts of stabilized Ce-Zr com 
pound and shear mixed 10 minutes, and milled to the particle 
size distribution showed 90% of particles become less than 
9 um. The final Pt/Rh-containing slurry was coated onto 
ceramic honeycomb, which has already coated with three 
previous layers, and, was dried at 110° C. for 4 hrs and 
followed by calcination at 430 C. for 2 hrs. 

EXAMPLE-4 

M-118H1 

0277 Catalyst from example-2 was dipped with KOH in 
axial direction for 25% of the axial length. The K2O to 
washcoat ratio is around 5% per unit volume of catalyst. 

Testing Procedure 
0278 Catalysts of 1.5x3" (diameterxlength) in size were 
aged and tested under the following fresh and aged condi 
tions: 

0279 Fresh catalysts were evaluated under four tempera 
tures corresponding to four volumetric flow rates (VHSVs, 
Volumetric Hourly Space Velocity, defined as “volumetric 
gas flow rate in one hour divided by “volume of solid 
catalyst”, namely, 250° C. (a 26K/hr,350° C. (a65K/hr, 4.25° 
C. G.78K/hr, and 500 C. G.100 hrs. At each temperature, 
each catalyst was pre-treated with indolene fuel at A/F=12 
for 2 minutes before NO. Storage testing began. There were 
8 cycles, each composed of 60 seconds lean ((a)A/F=18.5) 
and two seconds rich (GA/F=12). NOx input minus NOx 
output at each Second was recorded. Net cumulative amount 
of NO absorbed and treated in the 62 seconds cycle was 
averaged throughout 8 cycles and reported. 
0280. After fresh evaluation, catalysts were aged 680 C. 
12 hrs, evaluated, aged in 780 C. 12 hrs, and evaluated 
again. Phase-II California fuel was used to perform engine 
aging in which fuel-cut was generated around 2-3 Seconds 
in every minute. The evaluation included 3 temperatures 
corresponding to three Volumetric flow rates. They were: 
250° C. G.26K/hr, 350° C. (a 26K/hr, and 480° C. (G80K/hr. 
The conditions were selected to facilitate the differentiation 
of various types of catalysts. 

NOx Absorbed & Treated in Each Cycle After 
680 C. & 780 C. Fuel Cut Engine Aging each 12 hrs 

NOx ppm L-118 M-531 M-118 M-1181 

250° C., 124.3 215.7 1316 177 
26 K?hir 
350° C., 1948 4834 335.1 635.6 
26 K?hir 
480° C., 1921 4898 359.4 583.3 
80 K/hr 
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-continued 

PM Loading of Experimental NOx-Trap Catalysts 

PM Loading PM Ratios 

Technology g/ft3 g/L Pt Pd Rh 

L-118 150 5.3 6 8 1. 
M-118 18O 6.36 5 11 2 
M-531 212 7.5 15 32 6 

NOx Absorbed & Treated in Each Cycle As Fresh Catalyst 

NOx Storage L-118 M-118 M-531 M-1181 

250° C., 26 K?hr 373.9 284.7 399.7 324.9 
350° C., 65 K/hr 674.8 678 854.5 780.5 
4.25° C., 78 K?hr 494.7 623.7 802.5 939.6 
500° C., 100 K/hr 588.8 865.8 1209.6 1256.9 

NOx Absorbed & Treated in Each Cycle After 
680 C. & 780 C. Fuel Cut Engine Aging each 12 hrs 

NOx ppm L-118 M-531 M-118 M-118H1 

250° C., 124.3 215.7 1316 177 
26 K?hr 
350° C., 1948 4834 335.1 635.6 
26 K?hr 
480° C., 1921 4898 359.4 583.3 
80 K/hr 

0281 FIG. 1 shows the free energy of formation of 
nitrates, sulfates, and nitrites in Kcal/mole at 350° C. 
0282 FIG. 2 shows the free energy of formation in 
Kcal/mole at 350° C., 650 C., 750° C., and 850° C. for 
Sulfates. 

0283 Accordingly, these examples illustrate that the lay 
ered catalyst composites of the present invention are better 
than, with respect to the amount of NO absorbed, the 
amount of hydrocarbon conversion, the amount of hydro 
carbon conversion after aging, and the amount of improve 
ment in lean NOx, the non-inventive catalyst composites. 
0284. While the invention has been described in detail 
with respect to Specific embodiments thereof, Such embodi 
ments are illustrative and the Scope of the invention is 
defined in the appended claims. 

I claim: 
1. A layered catalyst composite comprising a first layer 

and a Second layer: 

(a) the first layer comprising a first Support and a first 
platinum component; and 

(b) the Second layer comprising a second Support and a 
SO, Sorbent component after forming its reaction prod 
uct with SOX having a free energy of formation from 
about 0 to about -90 Kcal/mole at 350° C. 

2. The layered catalyst composite as recited in claim 1, 
wherein the first and Second Supports are the same or 
different and are compounds Selected from the group con 
Sisting of Silica, alumina, and titania compounds. 

3. The layered catalyst composite as recited in claim 1, 
wherein the SO Sorbent component is MgO or LiO. 
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4. The layered catalyst composite as recited in claim 1, 
wherein the second layer comprises from about 0.03 g/into 
about 2.4 g/in of the SO, sorbent component. 

5. The layered catalyst composite as recited in claim 4, 
wherein the second, layer comprises from about 0.3 g/into 
about 1.8 g/in of the SO, sorbent component. 

6. The layered catalyst composite as recited in claim 1, 
wherein the Second layer comprises a Second platinum group 
component. 

7. The layered catalyst composite as recited in claim 1, 
comprising: 

(a) in the first layer; 
(i) from about 0.15 g/in3 to about 2.7 g/in3 of the first 

Support, 

(ii) at least about 1 g/ft3 of the first platinum compo 
nent, 

(iii) at least about 1 g/ft3 of a first platinum group metal 
component other than platinum; 

(iv) from about 0.025 g/in3 to about 0.7 g/in3 of a NO 
Sorbent component Selected from the group consist 
ing of alkaline earth metal oxides, alkali metal 
oxides, and rare earth metal oxides, and 

(v) from about 0.025 g/in3 to about 0.7 g/in3 of a first 
Zirconia, Zirconia-ceria, or ceria component; and 

(b) in the second layer; 
(i) from about 0.15 g/in3 to about 2.7 g/in3 of the 

Second Support; 
(ii) from about 0.3 g/in3 to about 1.8 g/in3 of the SO 

Sorbent component; 
(iii) at least about 1 g/ft3 of a second platinum group 

component, 

(iv) at least about 1 g/ft3 of a second platinum group 
metal component other than platinum; and 

(v) from about 0.025 g/in3 to about 0.7 g/in3 of a 
Second Zirconia, Zirconia-ceria, or ceria component. 

8. An axial layered catalyst composite comprising an 
upstream Section and a downstream Section: 

(1) the downstream Section comprising: 
(a) a downstream Substrate; and 
(b) a first layer on the downstream substrate, the first 

layer comprising a first-Support and a first platinum 
component, 

(2) the upstream section comprising: 
(a) an upstream Substrate; and 
(b) a second layer on the upstream Substrate, the Second 

layer comprising a Second Support and a SO Sorbent 
component after forming its reaction product with 
SOX having a free energy of formation from about 0 
to about -90 Kcal/mole at 350° C. 

9. The axial layered catalyst composite as recited in claim 
8, wherein the SO, sorbent component is MgO or LiO. 

10. The axial layered catalyst composite as recited in 
claim 8, wherein the Second layer comprises a Second 
platinum group component. 
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11. The axial layered catalyst composite as recited in 
claim 8, comprising: 

(a) in the first layer; 
(i) from about 0.15 g/in to about 2.0 g/in of the first 

Support, 

(ii) at least about Ig/ft of the first platinum component; 
(iii) at least about 1 g/ft of a first platinum group metal 
component other than platinum; 

(iv) from about 0.025 g/into about 0.5 g/in of a NO 
Sorbent component Selected from the group consist 
ing of alkaline earth metal oxides, alkali metal 
oxides, and rare earth metal oxides, and 

(v) from about 0.025 g/in to about 0.5 g/in of a first 
Zirconia, Zirconia-ceria, or ceria component; and 

(b) in the Second layer; 
(i) from about 0.15 g/into about 2.0 g/in of the second 

Support, 

(ii) from about 0.3 g/in to about 1.8 g/in of the SO, 
Sorbent component; 

(iii) at least about 1 g/ft of a second platinum group 
component, 

(iv) at least about 1 g/ft of a second platinum group metal 
component other than platinum; and 

(v) from about 0.025 g/into about 0.5 g/in of a second 
Zirconia, Zirconia-ceria, or ceria component. 

12. A radial layered catalyst composite comprising a 
bottom layer, a first middle layer, and a top layer: 

(a) the bottom layer comprising: 
(i) a first Support; 
(ii) a first platinum component; 

(iii) a first NO, sorbent component selected from the 
group consisting of cesium components, potassium 
components, and cerium components, and 

(b) the first middle layer comprising: 
(i) a Second Support; 

(ii) a Second SO Sorbent component which is selected 
from the group consisting of BaO and MgO, and 

(c) the top layer comprising: 

(i) a third Support; 
(ii) a third SO Sorbent component, which is MgAl2O. 

13. The radial layered catalyst composite as recited in 
claim 12, wherein the Second SO Sorbent component in the 
first middle layer is Ba0. 

14. The radial layered catalyst composite as recited in 
claim 12, wherein the Second SO Sorbent component in the 
first middle layer is MgO. 

15. The radial layered catalyst composite as recited in 
claim 12, wherein the Second layer comprises a Second 
platinum group component. 
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16. A method of forming a layered catalyst composite, 
which comprises the Steps of: 

(a) forming a first layer comprising: 
(i) a first Support; and 
(ii) a first platinum component; and 

(b) coating the first layer with a second layer comprising: 
(i) a Second Support; and 
(ii) a SO, Sorbent component after forming its reaction 

product with SO having a free energy of formation 
from about 0 to about -90 Kcal/mole at 350° C. 

17. A method of forming a layered catalyst composite, 
which comprises the Steps of: 

(a) combining a water-soluble or dispersible first platinum 
component and a finely divided, high Surface area 
refractory oxide with an aqueous liquid to form a first 
Solution or dispersion, which is Sufficiently dry to 
absorb essentially all of the liquid; 
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(b) forming a first layer of the first Solution or dispersion 
on a Substrate; 

(c) converting the first platinum component in the result 
ing first layer to a water-insoluble form; 

(d) combining a water-soluble or dispersible SO, sorbent 
component having a free energy of formation from 
about 0 to about -90 Kcal/mole at 350° C., and a finely 
divided, high Surface area refractory oxide with an 
aqueous liquid to form a Second Solution or dispersion 
which is sufficiently dry to absorb essentially all of the 
liquid; 

(e) forming a second layer of the Second Solution or 
dispersion on the first layer; and 

(f) converting the Second platinum component in the 
resulting Second layer to a water-insoluble form. 


